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l}i9trie$ Pemtj^hmiOt to wit t 

BE IT REMEMBERED, that on the MVCAteenth day of Deeeniber ' # 
in the thirty-eighth year of the independence of the United States 

America, A- D. 1813, KiihIkt and Conrad of tlic said district, liavc ^r|t m 

posited in this office the title of a book the right whereof they chutn as P7 

proprietors in the words fioUowing, to wit : • ' . 

Syittem of T/ieoretical and ProCica! Chemistty. In txco volumes, with f^- 
plates. By Fredrick Accum, Operative Chemist, Lecturer on I*racU- 
cat Chendftry, and on JHBneralogy and Pharmaq/{ late ChendetU Opertt^ 

tor in the Jioyal Institution of Cheat Britain. With an appendix, em- 

taijunc( a vivn^ of tlie late Jhctrineit and discoveries in C/it-nuf^hy By 
Thomas Cooper, EsquirCf l^rofessor of Chetnistry at IHckimon College, 
tlarUtle, Peiinsi^h ama, 



i 



Tn^ conformity to the act of the conprrcss of the United StAtes, intituled, 
" An act for the encouragement of learning, by securing the copies of / 
maps, charts and books, to the authors and proprietors of such cimiea 
during- the times llicrein mentioned." And also to the act, entitled* 
"An act siippk-nicntarv to an act, entitled "An act for tlie encourage- 
ment of IcJU'oing', by securing the copies oi' maps, charts, and books, to 
the authors and proprietors or such copies during the times therein men- 
tioncd,** and cxtcntllng the benefits lliei-eof to the arts of designin^f, en- 
graving, and etching historical and other prints-" 

D. C.Ui3WELL, 
' Cleik of the District of Ftemuylvmii. 
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lif Old Compton-street, Soho* 

THE folloviog treatise has been composed for the in* 
struction of such as are actuaHy unaequainted with chemi- 
cal science ; and with that view I have followed such an 
arrangement of the subjects, as appeared best calculated 
to afford a clear and permanent knowledge of their re* 
lations and consequences* 

As the proofs of chemistry are grounded upon an ap- 
peal to the senses, I have in the first place described 
some experiments, which are easy to be performed, and 
particularly adapted to exhibit the general nature of 
chemical action. 

But mere facts do not constitute a science. The rea- 
soning faculty must be exerted to dispose them in the 
order of cause and efiect ; first by the method called ana- 
lysis, and aiterwards in that of synthesis : which last 
may be considered as including those tentative processes 
of the mind called hypotheses, which in natural science 
are rendered legitimate by experiment. 
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To anaounce those generalities wJbich have been de- 
duced from the ^idytical labours of farther pkiloBQikik, 

and constitute tlic tlicor) of tlic science ; to exhibit the 
conditions of the mutual actions pf bodies } and to pla^e 
the student updki ah eminoice ifhetiee* hema^r eonteni* 
plate the phenomena with advantage, and in many cases 
foretel events with certaintv ; require a disphiy o£ the na^ 
ture of chemical attmction, or affinity, and of heat. I have 

distinctly stated the laws of affinity in the synthetical form, 
and have then proceeded to illustrate those laws» by a 
series of experiments sufficiently striking, to interest the' 
mind and fix the doctrine in the memory. The same me- 
thod is adopted with regard to heat and light ; which, to- 
gether with attraction and repulsloii, constitute the causes 
qf every chemical change. 

t * ' 

These positions and their illustrative proofs are immedi- 

^Itely followed by the classification of the simple or unde- 
cpmpounded bodies, with their attributes, affections, or 
Jiabitudes ; which latter are proved experimentally. 

The gases and the theory of their formation are next 
considered; their characteristic properues are detaiM; 
the propesse? for obtaining them described; and a va^ 
riety of the most appropriate experiments explainedt by * 
applying the general doctrines to each particular fact. 
Among these . important, first lines of chemistn-, the 
formation of water the production of various acids; 
the nattu« of the ait% we breathe ; eudiometry ; combus- 
tion; and many phenomena of the upnost magniti;de 
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and valae^res^yit themselves, axi4iure elucidated by ex- 

♦ 

pepnieyt;^ 

The metals, alkalies, earths, &c. next succeed, and are 
pxsitQd in the same manner by direct reference to the facts 
Uiey afford duripg ehemical examuiatioiu The natural 
history of each, and their obvious physical and chemical 
properties, are firsts stated i then follow the means of ob- 
taining them ; and lastly, their physico-chemical proper- 
ties are shown, b) a series of experiments. A similar 
atiethod pervades the ^whole of the work* 

I have endeavoured experimentally to unfold all the fun- 
damental, truths of the science. I have proceeded from 
first notions step by step ; from generals to particulars ; 
froni premises to conclusions ; deducing causes from 
their effects, and effiects from their causes, in order -to 
maintain a systematic connection between the several 
parts of the whole, and to recal to the memory all the 
changes which bodies are susceptible of in their mutual 
• actions* 

I am persuaded this cannot b& better done than by de- 
termining their properties by experiments under different 
circumstances. Hence the same facts are exhibited un- 
der various forms and relations, in order to oblige the 
mind to re-consider the same phenomena in different 
lights. 



It is perhaps needless to state, that I have availed m)'- 
sdf of all the authors who have cultivated and enriched 



Digitized by Google 



this science. In many instances I found perspicuity of 
style and precision of detail,' on which I could ng^ hope to 
make improvements ; and in stich \:ases I have not scru- 
pled to transcribe whatever answered ray purpose. But 
I have faithfully quoted my autiiprities* and rendered 

honour ^ whom honour is due* " - • • 

♦ 

*^ They who are familiar with the science wiU nevecthe- 

leSs observe diat I have done more than borrow from 

others. I have corrected errors which are found even in 

the works of modem authors of eminence ; particularly in 

« 

respect to the practical part of many processes. I h»ve 
facilitated many operations ; I have advanced a variety of ' 
new experiments, and pointed out such particulars in the 
performance of others as I have found in the course of 
my profession to be superior to those in general use* ; 

The directions for performing chemical experiments, 
and the explanations in general, may be considered by 
some readers as too minute : but I am fully convinced 
that chemistry cannot be learned without actually apply- 
ing to the operative part of the science* It is obvious 
that success must greatly depend on minute and clear in- 
structions : this method of teaching cannot therefore be 
deemed trifling. X liave indeed written, for beginners 
but accuracy and precision are so far from being faults, 
that they are more acceptable even to proficiijnts, than that 
loose descriptive method which leaves the whole detail of 
quantities, order, and operation, to be supplied by the 
trials of the reader himself. * 

^rbdhick: 4CCUM* 

London J 1803* 
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• PREFACE 

TO 

, THE SECOND LONDON EDITION. 



H, Compton-street^ Soho* 

I HAVE carefully revised the second edition of 
this work ; the discoveries which have offered themselves 
in the field of chemical science are . inserted, some new 
plates have been added exhibiting a variety of chemioiil 
instruments useful to the operative chemist, and no labour 
has been spared to render the present edition worthy of 
the distinguished approbation which this work has met 
with) amongst the chemical public. 

FREDRICK ACCUM. 
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PREFACE 

/ 

TO Tax 

SECOND AMiuRlCAN EDITION. 

It » between six and seven yem^ since the last edition 
of Accum's Chemistry was published* The aecumulatton 

pf chemical fact and the progress of chemical science, ren- 
ders every elementary book on the subject imperfect alter 
such an interval. Corrections and additions become ne- 
ce^aaiy* It would have been better, if the author of this 
work had performed this duty hinwelf, but as a new edi-* 
tioD of the book is required, S have undertaken to do that 
which there is no present expectation of seeing done by 
the peraon most competent to the task. 

Since the last edition in 1 807^ the discovery of the aika* 
line and earthy metalloids, the controversies on the im- 
portant subjects of definite or indefinite combinadon in 
chemical affinity, and the nature of chlorine gas, have 
greatly interested the chemical world. The first Volume 
of the elements of Chemical Philosophy by Sir Humphrey 
Davy has apjieaied, bearing the following characteristics, 
viz* That chemical attractions greatly depend on, if they be 
not the same with electrical—* that the alkalies and alkaline 
earths are metallic oxyds"-«^that all chemical combinatton 
lakes place in multiple proporti6n<*-«>that chlorine is a sub* 
stance sui generis, and like oxygen a supporter of combus- 
tion : positions that as yet may require hesitation and fur- 
ther examination ; but they are of too extensive applica*^ 
tion to be neglected. 

On all these subjects I have endeavoured to give a 
condensed summary of the doctrine or the controversy. I 
VOL. 1. B 
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X T&EfACE TO TII£ SECOND AMERICA)^ EDITION. 

have added alao, my own views of the elementary proper- 
ties of niattt r — of the nature of heat, light and combus- 
tion — and 1 have endeavoured to add such facts to Ac- 
cum's collection as seemed to me likely to improve it as an 
elementary book* 

The compiladons of Murray and Thompson are too vo- 
luminous and expensive for an elementary treatise : the 
last (6th) edition of Henry, is a very good book and free 
from the objections to Murray and Thompson. Bat upon 
the whole, it seems to me that Accum's method of trcating^ 
the subjects of chemistry, is more satisfactory to students 
than any other of the elementary treatises that have appear- 
ed : and tt has the advantage of bein^ neither tod volumi- 
nous for a course, nor so brief as to be obscure. 

\V hen Mr. Accum thinks fit to publish a new edition, 
he will probably new model his work, and incorporate all 
the additions he thinks fit to make, in the body of the 
work. I cannot take this liberty, aiid therefore it must ap- 
pear with patch work additions, which, however necessary 
to a distinct view of the modem state of the science, caB 
only be justified by that necessity. I hope the notes I have 
added, will add to the utility at least of the work, and no- 
thing further can be expected. I have endeavoured to 
make them useful ; and so to compose them, as to lead 
the student to reflection and combination on the facts of 
the science : whether successfully or not, the public must 
decide. 

' . THOMAS COOPER. 

Carlisle^ October ^ 1813. 
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SECT. I. 

I 

DEFINITION OF CHEMISTRY. 

CHEMISTRY is that department of physical sci- 
ence the object of which is to investigate and account for 
theintiiiuue changes produced in idl bodies in nature by 
the mutual action of their parts upon each other; by 
means of which their physicd properties are altered^ and 
their individuality de8tro3^ed. 

M£THOD OF PERFORMING CHEMICAL 

OPERATIONS. 

In examining the changes whicli take place in natural 
bodies, chemistry employs either simple observation or 
operative experiment* It either observes the processes 
which are incessantly taking place in the great laboratory 
of nature, or institutes, on purpose for this or that inves- 
tigation, Jiew processes of its own. 

When we observe how water is converted into ice, and 
ice iiito water ; how metallic substances lose their lustre in 
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the open air; we then acquire chemical knowledge by 
simple observation* When, again, we Vindle a fire, that we 
may see its action upon some combustible or incombus- 
tible hr)i\\ ; when we immerse :i solid into a fluid, that we 
may leani whether the solid will l)e dissolved or not, in 
consequence of the immersion ; in these and other sudi 
cases we investig-ate rhemicai truth by experiments. 

Of the chemical knowledge acquired by simple obser- 
vation every man possesses more or less ; and a very con* 
siderable knowledge oi the chemical ehangts of bodies 
may indeed be thus obtained. But mere unassisted ob- 
servation is ever so inaccuratey so subject to accident^ and 
80 little capable of accomplishing any contmuous and con- 
nected plan, that chemical inquiries almost always a8<^ 
sume the form of experiment. 

The artificial arrangement, or method which chemistiy 
employs to favour the mutual action o^bodies, consi^ in 
the proper application of those substances to each cvther 
which experience has taught us are best calculated to 
produce certain changes, that, in many cases, would other- 
wise be too minute to affect the senses individually* 

Those operations themselves are called chi;kigal peo- 

CZS8E8, OFE&ATIOHS, 0& EXPSRIUKMT8* 

, GENERAL NATURE OF CHEMISTRY. 

The processes of chemistr)^ have been usually repre- 
sented as either analyiiLul or syiitheticaL 

Analysis, which is synonimous with decomposition, 
expresses the separation of the principles of a compound 
body. Synthesx s denotes the re-production of compound 
substances from simple bodies. 

Analysis is divided into simple ot perfect^ and into com- 
plex or imperfecta analysis. It is called simple or perfect 
when, by means of synthesis, we can re-producesihG^y with 
the very substances which were the products of the analy- 
sis. It is complex or imperfect, when this cannot be elFect- 
. ed. Simple analysis is the surest proof of the truth of 
chemical mvestigation : it is the most useful, and also the 
most rare, in all our artificial processes. 

From this cursory account of the nature of the processes 
of chemistry, it becomes obvious that the whole art of the 
science consists in promoting the mutual actions of bodies 
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«n each other, and carefiiUf observing the phenomena 
that takes place. It must not be forgotten that these two 
methods do continually take place in the grand opera- 
tions of nature, of which the chemist is only an imitator. 
The operations all depend on certain laws established 
between bodies^ and require nothing more in order to 
their being rendered active than that the bodies should 
be placed into such situations as enable them to exercise 
their action. These important truths require to be ma- 
ture!) weighed and considered by the student who intends 
' to embark in chemical pursuits. 

Chemistry, therefore, consists in a detail of those facts 
which are founded on experiments and observationSm 
Its basis is EXPERIENCE: from this, by regular con- 
clusions., it deduces a THEORY, and connects a series 
of accurately established iacis into a certain order, called 
a SYST£M. 

It follows from this that the evidence of chemical 
truth tSf stricdy speaking, only probable, not absolutely 
certain* Thb probability however, is so much the greater 

. as the experiments on which the observadons are founded 
are more numerous, and have been more accurately per- 

, formed. All possible excepuoos, the&» being made, we 
may venture to consider the results which offer them* 
selves as true, till other facts are furnished, which by a 
more extensive and complete induction prove their fal- 
lacy* 

It has been thus, by simple experiments and observa- 
tion, that the science is become enriched with a store of 
facts. These facts have been gradually connected to- 
gether, and arranged in such order as appeared most pro- 
per for exhibiting then reciprocal relation to each other; 
and at the same time for referring them to a smaller 
number ot general heads, in order to considt them with 
the least difficultyf and to trace the laws that regiilate 
them. 
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SUBJECTS AND IMPORTANCE OP 
CHEMISTRY. 

CHEMISTRY, in its connexion with the operations 
of nature and the existence oi man, is highly worthy of 
an accurate eiounination* It unfolds the causes of many 
important pbenomexMi ; it enables us to reascm concerning 
thos<B properties of bodies which most immediately con- 
cern 148, snd to predict their alterations ; and it developes 
to us sublime views of the order and Imrmony banging 
to the different parts of our system. 

Tins branch of science has been slowly formed^ in 
consequence of minute observations made upon natural 
events, and of experiments in which natural agents havo 
been placed in new .relations : and though much has beeli 
done, much remains to be effected. The facts already 
ascertained are nevertheless sufficient to prove, that all 
the different known substances belonging to our globe are 
subjected to certain and invariiible chemical laws, and 
that t}^t most extensive and important chemicnl changes 
;u-e qontinually taki11^ place in the solid substance oi the 
earth, the ocean, and in the atmosphere. 

All material bodies are therefore the subjects of che- 
mical research. The solid matters composing the terres- 
trial mass of the globe we inhabit; the aqueous fluids 
which penetrate its cavities, or float about its surface; 
the more subtile gazeous matter cireumfused around it ; 
the agencies of h^t, light, and other imponderable sub- 
stances e3|:panded through space; are subjects for the 
chemical philosopher* 

The events which chemistry holds out are equal to, and 
perhaps more important than^ those which belong to me* 
chanical plulosophy. It extends itself into the province 
of active life* It is the nursing mother and guide of in- 
numerable important arts* The arts of dyeing, bleach- 
ing, tanningy glass and porcelain-making, printing, the 
working of metals, &c* are purely chemical arts. They 
depend so much on that science, they are so combined 
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with its proper existence and its advaacement^ that all the 
■teps which it makes in the knowledge of bodies, all the 

' discoveries with which it » daily enriched, are so maiu^ 
new acquisitions for these arts \ h perpetually improv^V 
them, adds to their processes, and creates new ones* 
JIgriMture can only be rationally improved by calling in 
the assistance of the chemical philosopber ; JBjl is che- 
mistfy which explains the phenomena oMPgetation, 
germmatioa, the growth, the ripening, and Uie death of 

- plants. 

To the PUBLIC KcoNOMisT chemistrv presents a trea* 
sure o f u s c 1 liI int oi in :it i on. By means of this science alone 
• can ht^ expect to attack with success the destroying pes- 
tilence, so far as it is an object of human prevention, 
amrto^ guard against other evils to which the state of the 
elements give rise. 

To the DOMESTIC ECONOMIST this science abounds 
■ with pleasing and wholesome lessons. It enables him to 
make a proper choice of fneats and drinks ; it directs him 
to those measures with respect to aliment^ cookery f cloth' 
ingi and respiration^ which have the best tendency to 
promote health, enjoyment, and cheapness of living; and 
It sets him on his guard against unseen* evils, to which those 
who are ignorant of its laws are continually exposed* 

The GARDBMui, whose employments are more curious 
than those of the farmer, equally needs hs,assi8tance. The 
nature of ^e different manures necessary for the various 
kinds of vegetables, the influence of li^t, the diffierent 
temperatures, the quantity of moisture, the preservation 
of seeds, roots, plants, BtCt are all bounded upon chemi* 
calprinciples. 

Chemistry likewise directs the labours of the otsband- 
MAN. In the DAIRY, milk cannot be kept sweet and fresh, 
butter cannot be made, cheese cannot be prepared, with- 
out a skill founded wholly upon chemical principles. 

The CULINARY ART, lor preparing wholesome and nu- 
tritious food ; and the method of preserving bacon, hams, 
and other animal and vegetable substances, is entirely 
chemical. • 

The whole process of the v intage ; the art of the 
brewer and distiller ; the preparation of cyder, perry, 
home-iiiude wines, ike. vinegar, &t. all depend upon 
chemical principles. 
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To the RURAL ECONOMIST this scicncc furnishe;? prin- 
ciples and agents ot inestimable value. It teaches him 
^lit food of plants , the choice and use of manures i and the 
IPest means of promoting the vigour, growth, productive- 
ness, and preservation, of the various vegetable tribes. 

In MEDICINE and pharmacy great benefits havf* been 
derived ^|kn the discoveries oi chemical philosophers. 
To the ^^RciAN this science is of the greatest value. 
He leafn^TOm it. to compound his medicines, to disarm • 
poisons of their force, to adjust remedies to diseases^ and 
to adopt general means of preserving -healilu 

The chemist begins his inquiries where those of the mi« 
tural historian and those of the natural philosopher termi- * 
nate« The first of these examines bodies^ in ordei^t« 
arrange them into certain classes, genera, and species Aie 
second investigates the general properties of objects', such 
as their density, elasticity, figure, &c. and calculates the 
relative forces of their mechanical actions. 

The chemist, however^ goes further :...he Ipoks into the 
more intimate structure of substances ; he separates their 
heterogeneous particles from each other; he resolves them 
further into their simple or elementar}^ substances, and 
examines their nature and properties when in a detached 
or simple state. He thus learns their reciprocal relntion 
to each other, and becomes enabled to re-combme them 
in proportions different from those In which they were 
united by nature, in order to form new and useful com- 
pounds, which natui e iierself does not produce. 

But chemisirv is not only valuable as an art which sup- 
plies many oi our w^ants, our comforts, and luxuries : its 
objects are sublime and beautiful in another point of view 
••at removes the veil from the fabric of nature, and makes 
us acquainted with all the phenomena which happen 
around U8*..it affords pleasure to the senses, and calls into 
acdon a laudable curiosity, which characterizes the minds 
of those who are of a scientific turn ; exciting at die 
same time a spirit of rational inquiry, which is capable of 
producing the most beautiful and striking phenomena> 
well calculated to serve as an instructive and rational 
amusement* 
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■ 

HISTORY OF CH£MISTRY. 

» 

FROM what has been already stated, it becomes obvi- 
ous that chemistty may be considered both as a science and 
as an an tM^as a science* it may said to be of modem 
date ; but as an art, it must be coeval with the eariiestf 
exercilb of the indusdy o{ man ; for many operationa now 
considered chemical certainly must owe their invendon to 
the immediate wants of sodety* The method of kindling 
firesy the arts of baking bread, moulding chiys and burn- 
ing them into pottery, extracting metals froni their ores, 
the methods of working them* and various o^icr pro- 
ce^es, were certainly known to the amtbdiluviajvs. If 
we attempt to trace its birth as a science, we 6nd it ori- 
ginating in fables and obscurity ; nor indeed could we de- 
rive any chemical advantage if it were possible to dispel 
the cloud by which it is enveloped. 

Whether Tubal-C^iin, who is stated to have been a 
"Worker in metals in the time of Abraham ; whether Noah, , 
who made wine and bricbs, and who preserved the requi- 
site stores of provisions in the ark, during the deluge ; 
whether Moses, who burnt the golden calf of the Israelites; 
or wheilicr Cleopatra, who is said to have dissolved a 
pearl; understood ciiemistry, are questions, important 
perhaps to the antiquarian, but of little value to the 
chemist* It is more plausible to suppose that a science 
so much depending on the state of the arts, the civiliza- 
tion of man, and the experience of ages, could not pos* 
sibly exist in such a remote time. But as it would be in 
. some respect unpardonable for those who devote them- 
selves to the study of chemistiy to be utterly unacquaint- 
* ed with its hisiory, we shall shordy notice the oudmes 
of this history, and fix the dates of the progressive dis^ 
coveries of our predecessors wHidi led to the ettaUtsh- 
ment of the science. 

The Israelites acquired their information in Egypt. It 
was there that Moses learnt the properties of metals, the 
method of extracting oils, the preparation of odoriferous 
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gums and perfumes, the solution of gold, the dyeing of 
linen, the making of wine, vinegar, the art of gilding, and 
the fabrication of potteiy, soap» Etc. 

The pHceMci ANS were the first who applied themselves 
to the examination oi the cilcct ol dilTcicat bodies upon 
each other, which may be called chemical. They invented 
the art of dnging gaments widi a piii^e coloured mattei. 
produced by a speciea of shell-fith. They manuftctufed 
glass, with whick they traded ; artificial gems, perfonies, 
and odortfemut balsams. They also bvented the art of 
preserving the fruits of various plants and vegetables* 

In China, even in these remote ages, the inhi^itanta 
were acquainted with nitre, gunpowder, borax, alum, 
veidigrise, sulphur, mercurial-ointment, various pigments, 
dyes for linen and silk, and with the art of making paper* 
lliey also manufactured porcelain, and different other 
kinds of pottery i they made a variety of metallic com- 
pounds. The use of wax was known to them, and was ' 
very well applied. * 

From this acctnmt of the state of the arts we may be 
permitted to consider the iuhinese, according to Guignes, 
as an Ec;\ ptain colony. 

The Carthaginians, who were a colony of the Phce- 
nicans, learnt tlieir arts ; but the priests in whose hands 
the learning was retained, handed them to their succea- 
sors veiled in hieroglyphic mystery. 

The Grecians derived thi ir arts depending upon che- 
mical principles from the Phoenicians. They practised 
*• all the inventions of their predecessors successfully. 

It it natural that the obvious difference or changes of 
the bodies that surround us could not escape the notice 
of a people of so philosophical a turn of mind as the Gre- 
cians : hence both Aristode and Empedodes taught the 
doctrine of the four supposed elementSf air, earth, fire, 
and water. 

The Romans, a people always at war and victorious, 
were not distingtiished among the nations of the ancient • 
world as discoverers in the arts, or inventors in science. 
After having conquered and subjugated almost all the civi- 
' lized parts of the earth, they arduously cultivated the arts 
of their masters, the Grecians. Tliey understood the art 
of making excellent wines and ardent spirit : they knew 
the application of manures : they prepared mcombustible 
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doth for wrapping up the dead bodies wfatch were destined 
to be burnt, in oi^er to preserve their ashes distinct from 
those of the funeral |>ile: the^ moulded clays, and con-> 
verted them, by burning, into different kinds of pottery; 
*they were also acquainted with almost all the metals^ and 
the methods of coining them : they were skilled in the 
culinary art; their cooks invented delicious saucesy as 
luxuries for their table : and the remains of their aque* 
ducts, and other works of architecture, evince the incom* 
parable perfection of their cements. 

But all the arts, the sciences, and literature of the Ro- 
mans and Greeks, were destined to sink into oblivion. 
Hosts of barbarian conquerors descended upon them from 
the North; the energies of civilizaiion withered at their 
touch, and its works were destroyed before thern. 

During all this epocha of war and desolation chemistry 
acquired only a few facts, without connection and with- 
out order. 

Driven as it were from Europe, the arts obtained an 
asylum with the Ar.ibians ; who unproved niari}-, mid 
applied them to medicine. The attachment of this nation 
to magic, and their inclination for the marvellous, soon 
increased the mysteries in which the arts were then al- 
ready involved ; and hen$» alchymy, or the art of trans- 
muting base metals into gold^ took its rise* This hap- 
pened about the commencement of the fourth century. 

As tlus delusive dream of the imagination held out a 
bait to avarice, it soon acquired a train of followers. In- 
toxicated with the idea of the boundless wealth that would 
reward success, the great object was the philosopher's 
stone, and the possibility of the discovery pf an universal 
medicine, which should cure every disease, and give im- 
mortal health and life to embodied man. The research 
was pursued with an asdour which no disappointment 
could damp, and the mania spread from one country to 
another. In Egypt it attracted the attention of the go- 
vernment. Dioclesian, apprehensive that the dreams of 
the alchymists might be realized, ordered all their books 
to be burnt, in order that he might subdue them with 
more facility. 

After this period the alchymists were stronj^ly opposed 
by several able aud learned men. Thi s were eoni»ldcred 
as people who held intercourse with malevolent spirits. 

VOL. I. ^ 2 
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Roger Bacon, the alchymist, who Is supposed to be the 
inventor of gun-powder, was excommunicated by tlie 
pope, and imprisoned ten years, for supposed dealings 
with the devil ; and Paracelsus was thought to have aii 
evil spirit confined in the pommel of his sword. Indeed,* 
many of the adherents of alch3miy endeavoured to enforce 
the belief of chamu and qiells* Paracekiw^ moat im- 
petuous man, who in ostentation and lies surpassed all • 
his predecessor alchymists, promised inunortality in this 
world to his followers i but his premature death, which 
happened in 1541> exposed his vanity, ^d blasted all • 
their hopes* 

It would surpass our limits were we to give a drcom- 
stantial detail of the state of the chemical arts at that pe> 
riod* It will be readily conjectured, that^ owing to the 
great numbers of experiments, which were penorm^d 
amongst the alchymists, many valuable discoveries must 
have been made unintentionally. The alchymists actually 
collected a rich store of important chijnjical facts ; and if 
they did not succeed in drawing gold fron\ the ir iurnnces, 
they produced those materials on which the true doctrine 
of chemistry was afterwards erected. 

If wc were to fix the existence of chemistry in the arts 
which it elucidated, it is evident that this science would 
have preceded every other; that Eg\'pt would have been 
its cradle ; and that it had been cultivated for time im- 
memorial in China. 

Vinegar was tlie only acid then known : amongst the 
salts they tieated only of se^-salt, ammoniac^ verdigrise, 
alum, and soda; which latter was called nitre* They dis- 
tinguished no earth but lime and clay* Sulphur and bitu- 
men were the only inflammable, matters employed. They 
worked seven ductile metals ; the brittle metals were un- 
known. There were no real experiments made in* che- 
mistry ; so that among the whole of these facts we per- 
ceive nothing more than the infancy of the art : there- 
neither was nor could be any scientific syMta^fir as yet 
the science of chemistry did not exist. 

At the end of the seventeenth century chemistry began 
to assume a scientific form* The scattered chemical facts 
which the alchymists had discovered^ were collected, ar- 
ranged> and reduced to principles* 
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. . The first chemical writer that excites our notice is 

Becher. This man collected all the facts which were 
noticed before him, and pointed out many important ob-' 
' jects to which the researches of chemists ought to be di- 
rected. The publication of his Physica Subterranea^ in 
1669, forms a very important «ra in the history of che- 
mistry. At that period chemistry escaped for ever from 

. « * ^ ' the trammels of alchymy, and became the rudiments of 
the science which we find at present. Becher distin- 
guished himself so highly by his chemb^il knowledge as 
to cause the names of all former thepii|^i*o be forgotten, 
after having Uud the foundation of th^sOnu^ system of 
phlogiston. He died in the year 168jt, ^1r^ 

.Som albr lus deflh arose one of his p^i^ 
was StahL He simplified and impixyv^^^TOgtrine of 
his master so much that he made it entireljMfls mni; and 
accordingly it has been known ever since l^tfteSiame of 
the Stahlean Theory. (See Appendix No. 6) He was 
the first who had a clear notion of chemical union, and 
; gives many instances of double elective attractions. His 
: writings have done him immortal honour, and ranked him 
amongst the first characters of die age in which he lived* 
He died in the year 1704. 
, . Ever since the death of these chemists chemistry- has 
been cultivated with success. Men of eminence have 

> appeared every where ; discoveries have been multiplied 
which led to numerous important facts. The names of 
Margraaf, Scheele, Bergman, Baume, Rouelle, &c. will 
remain distinguished in the annals of chemical science. 

• The spirit of chemical inquiry which these philosophers 

> had infused summoned on a sudden into action the facul- 
ties of the most learned men of £urope. Several of the 
invisible agents which form so important a ^mrt in the 
economy of nature, were discovered. Dr. Pnestley dis- 

. *' covered^ in 1777, various aerial fluids, formeify totally 
' unknown to chemists ; Dr. Black traced the laws of 
latent heat, and discovered the caihonic add* The 
ence of electricity was as , it were created, the thunder 
i/M taken from the clouds, and die properties of the at- 
mosphere were examined with accuraqr. 
^ All these new discoveries embarrassed the votaries of 

the doctrine of Stahl ; and the conclusions to which they 
led were of such a nature as to puzzle and to contradict 
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many of the laws of the science. It was requisite to take 
but one step further that the doctriiu cl |)lil()t;i8ton migkt 
be cxpUxK cl foi e\ er. This was left to Lavoisier. 

Lavoisier, endowed by nature uith the most happy 
genius for science, and favoured by his own princely for- 
tune and the liberal bounty of the French government, 
instituted a striei of mgenious and accurate experimentiy 
the result of which proved to demonsti^ation that the 
theory of phlogiston was founded in error. His ex|ieri- 
ments were repeated, under every diversity of circum- 
stances, by all the philosophers of Europe : his reason- 
ings and inferences were vigorously attacked by the de* 
fenders of the phlogistic theory; a kind of chemical war 
was thus kindled in the republic o& letters, which was 
carried on with great animosity ; and posterity will see 
with regret men of undoubted genius at times divesting 
themselves of the armour of truth and candour, and en- 
deavouring to serve their party and stab their adverse 
fellow -lal^ourers with darts steeped in the poison of 
calumny and falsehood. These things have passed away: 
the contest has been productive of good effects, which 
infinitely surpass the bad ones : it has occasioned an nccu- , 
nuilation of facts* pKuluced a rigid examination ol tiieo- 
ries and opinions, intioduced accuracy in chemical ex- ' 
periments, ^md given that tone and vigour to the cultiva- 
tors of chemistry' which have brought to light the most- 
sublime and unlocked for trutlis. 

The principles of Lavoisier have triumphed, and arc 
now taught in all the schools of £urope : his opponents 
have become his disciples ; and thus he has erected the . 
luminous and beautiful theory of chemistry which all the 
chemists of Europe have now adopted* What a pity 
that the sanguinary tyranny of Robespierre should not 
ei-'en have spared this man ! who perished on the 7th of 
JVIay, 1794, under the axe of the guillotine. 

Thus chemistry is become an entirely new science. It 
is no longer confined to the laboratory of the arts : it has 
extended its flight to the sublimest heights of philosophy, ■ 
and pursues paths formerly regarded as impenetrable 
mysteries. Placed for ever in the elevated rank it now 
holds, rich with all its new conquests, it is become the 
science most adapted to the sublime speculations of philo- 
sophy, the most useful in .advancing all the operations of 
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the arts, and the most rational for scientitic amusement. 
Exact in its process, sure in its results, varied in its ope- 
rations, without limits in its applications and its views^ 
severe and geometrical in its reasoning, there is scarcely 
any human occupation which it does not enlighten, and 
upon the perfection of which it may not have great influ- 
ence. It bestows enjoyment to every class of individu- 
als : and who would not be ambitious of becoming ac- 
quainted with a science which enlightens almost every 
species of human knowledp^e? 

Amongst the number oi: philusuphers who have since 
that time cultivated and enriched the new theory of che- 
mistry with discoveries which will ior ever give immor- 
tality to their names, we have to notice Aikin, Allen, 
Babington, Bancroft, Beddoes, Blagden, Cavendish, Che- ' 
nevix, Chrichton, Cruikshank, Dalton, Davy, lord^Dun- 
donald, lord Dundas, Fordyce, Gamett, Hatchett, Henry, 
Higgins, Hope, Howard, Kirwan, bishop of Llandalr> 
Minray, Nicholson, Pearson, Pepys, Tenant, Tilloch, 
Thomson, Wedgwood, and WoUaston ; Achard, Arago, 
Biot, CkQ, Gilbert, Gren> Goetlmg, Humboldt Hermb* 
staedt) Khproth, Lowitz, Richter, Scherer, Tromsdorf, 
Wcstrumb, Wiegleb ; Berthollet, Chaptal^ Fourcroy, La- 
grange^ Guiton, Van Mons, Proust^ Sequin, Vauquelin» 
Gay Lusac, Thenard, &c* &c. 
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THEORIES OF GEOLOGY. 



PART 11. 

» SECT. I. 

THE material univene presents itself to an enlarg- 
ed human observation as an immense assemblage of 83^8* 
terns within systems, each complete in itself, yet oon» 
nected, by numberless relations, with all around it ; a 
larger stiU including a less, till all nature is, in this last 
grand result, comprehended in^— omb whole* 

The laws of this vast universe can be studied by us on* 
ly in its inferior subdivisions. We conceive of it as sub- 
divided into planetary systems* Comets are the only 
agents of combination among these systems with which 
we have any tolerable acquv^intance. It is from the con- 
sideration of the appearances oi that particular s\ stem to 
which our earth belongs that all our science concerning 
the laws of material nature is derived. When we con- 
fine our view s to the globe we inhabit, we discover a vast 
variety of substances which may well excite our curiosity 
and arrest our attention. We perceive our earth to be a 
solid glube, composed of an assemblage of substances 
considerably fixed, and not to be destroyed without a 
considerable force of impulse. We observe a large part 
of it covered with a»ocean» and numberless streams of 
cold liquid matter ^ding with great activity to inces* 
sant motion. 

Around this earth and water, to a great but unknown 
height, is circumfused an atmosphere of an impalpable ' 
gazeous fluid, intermingled with portions of c^oy solid 
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or aqueous matter that by an extreme commmution is 
capable of suspension in this aerial fluid. 

Different opinions have been formed concerning the 
question, in what manner our earth was brought into 
the present distribution of its parts. 

An origination of this globe out of a chaos was the 
general belief of the anclcn^. Moses, in the beginning 
of the pentateuch, gives an account of a series of succes- 
sive changes, which he represents as the first which took 
place, from the moment fit which matter was made subject 
to the laws it now obeys to that sera at which it was 
finally fit for the residence and support of animals^ and 
had Hving inhabitants, brute and human, placed upon it. 

In ihodem times, difierent classes of speculatists have 
attemped to inyesti^te the circumstances which must 
have attended the origin of it. 

DiviNXs have endeavoured to justify the account of 
Moses, by an appeal to the present laws of nature : but 
Burnet and others have been easily convicted of supposing 
primaeval states oi things utterly incompatible with these 
laws* 

Chemists have conceived that the origin of the earth, 
in its present form, is from a general liquidity of its whole 
matter : others again have attributed it to the action of 
fire. 

Astronomers have been persuaded that it was owing 
to the actiuii oi some comet, or to an altered arrange- 
ment of the planets. 

Others have conceived the idea of a world perhaps 
without beginning, but by the action of internal fires, 
with volcanic orifices, continually lacerated, undermined, 
and suhverted, with the constant rise of a new earth, the 
residue and product from those fires, by which the for*- 
mer was demolished. 

Others, again have fancied a continual flitting of 
the ocean around the globe ; by which that which was 
lately land becomes now the bottom of the sea^ and that 
which is now covered by the sea is again to become land* 

These fanciful opinions, to say nothing of the impious 
nature of some of them, have generally rather resembled 
philosophical dreams than the conceptions of waking and 
sober reason. Their authors, in forming them» have been 
too often guided by imagination more than j udgment ; aad ^ 
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have labcwsd ntfaer to support a fiMrourite hypothesis 
tham to consult the voice of authentic history, or patientl)* 
to examine the materials and structure of the fabric 
vhtch'they undertook to describe. It may» however^ not 
be improper to take a brief review of some of the more 
conspicuous among the great number which, at different 
periods and in different parts of the woridy have been re- 
ceived by philosophers* 

SECT. 11. 

THEORY OF BURNET, 

THE first theory of geology which deserves to be no- 
ticed is that of the Rev* Dr* Thomas Burnet.^ This ce- 
lebrated theorist was a man of genius and taste ; and his 
work, if it do not command the assent of the philosophic 
mind, will be found to display much learning, and a very 
vigorous imagination. According to Dr. Burnet the 
earth was first a fluid heterogeneous mass. The heaviest 
parts descended and formed a solid body. The waters 
took their station round this body, and all lighter fluids 
rose aliove the water. Thus, between the coat of air 
and that of water a coat of oily matter was interposed. 
But as the air was then full of impurities, and contained 
great quantities of earthy particles, these gradually sub- 
sided and rested upon the stratum of oil, and composed a 
crust of earth mixed with oleaginous matter. This crust 
was the first inhabitable part of the earth ; and was level 
and uniform, wiihout mountains, seas, or other inequali- 
ties. In this state it remained about sixteen centuries, 
when the heat of tlie sun, gradually drying the crust, 
produced, at first, supierficial fissures or cracks ; but, in 
process of time, these fissures became deeper, and increas- 
ed so much, that at last they entirely penetrated the crust. 
Immediately the whole split in pieces, and fell into 
the abjrss of waters which it had lormeriy surrounded. 
This wonderful event was the universal Dehige* These 

• Telltins Thewia Sacra. This work was first publklied in 1680 in 
ihv Lai n laiif^i'unge. Tt was afterwards tianslated by the autbor^ tnd 
publibhcd in two parts in 16b3 aod 1690. 
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masses of indurated earthy matter, in falling into the 
abyss, carried along w ith them vast quantities of air, by 
the force of which they dashed against each other, accu- 
mulated, and divided in so irregular a manner, that great 
cavities, filled with air, were left between them. The 
waters gradually opened passages into these cavities, and 
in proportion as the cavities were filled with water, parts 
of the crust began to discover themselves in the most 
elevated places. At last the walm a^eated no where 
but in those eztennve vallies which contained the ocean* . 
Thus our ocean is a part of the ancient abyss j lihe%iest of 
it remuns in the internal cavities, with mich.the sea has 
still a communication* Islands and rocks are the small 
fragnients, and continents the large masses, of the ante* 
diluvian crust : and as the rupture and faU of the mass 
were sudden and confused^ the present surface of the 
earth is full of corresponding confusion and irregularity.*^ 

SECT. m. 

THEORY OF WOODWARD. 

THIS " elegant romance" of Burnet was succeeded by 
the work of his countryman, Mr. Woodward, who, in 
1695, published Essays towards a Natural HistoryL of the 
Earth, and terrestrial bodies. 

Though he possessed much more knowledge of mi- 
nerals than his predecessor, and on this account had 
greatly the advantage of him, lie produced a work far 
less ingenious and interesting. He also proceeded on the 
supposition of the Mosaic history being true, and ascribed 
the present aspect of our globe to the influence of th^ 
genml deluge. He supposed that all the substffiices of 
• which the earth b composed were once in a state of so* 
ludon ; that this solution took place at the flood; that on * 
die gradual retiring of the waters the various substances 
held in solution, or suspended in them, subsided in*, 
distinct strata, according to their specific gravities ; and ' 
that these are arranged horizontally, one over the other, 
like the coats of an onion. As this theoiy was soon found 

* Sulliviui'a View of Nature, vdl. i> tdetter 6. 
VOL. t. , 3 
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to' cQtttradlct some of die plaweftt and most unquestiooabk 
facts which geologists QMerved, it has had few admimy 
and its tefiitadcm has heen usually considered as obvioos 
and easy. 

« 

SECT. IV. 

THEORY OF WHISTON. 

Vti 1696 Mr. William Whiston, a man of uncommon 
acuteness, and of still greater learning, published a Nexu 
Theorif of the Earthy from its original to the consummation 
of all things. He supposed the earth, in the beginning, 
to be an uninhabitable Cornet^ subject to such idternate 
extremes of heat and cold> that its matter, being some- 
times liquefied and sometimes frozen, was in the form of 
a chamj or an abyss surrounded with utter darkness* 
This chaos was the atmosphere of the comet> composed 
of heterogeneous materials^ having its centre occupied 
with a globular, hot, solid nucleus, of about two thou- 
sand leagues diameter. Such was the condition of the 
earth before the period described by Moses at the time 
• of creation. The first day of the creation every material 
in this rude mass began to be arranged according to its 
specific gravity* The heavy fluids sank down» and left 
to the earthy, watery, and aerial substances, the supe- 
rior rogions. Round the solid nucleus is placed the 
heav) fluid, which de scended first, and formed the great 
abyss, upon which the earth lloats, as a cork upon quick-, 
silver. The great abyss is formed of two concentric 
circles ; the interior being the heavy fluid ; and the su- 
perior, water ; upon \vhich last, the earth, or the crust 
we inhabit, is immediately formed. So tlint, according to 
this theorist, the glol)e is coniposcd of a number of coats 
or shells, one within the other, of dilierent materials, 
and of different densities. The air, the lightest sub- 
•Vtance of alU surrounds the outer coat; and the rays of 
the sun, making their way through the atmosphere, pro* 
duced the light which Mose» tells us first obeyed the di« 
vine command. The hills and %'anies are formed by 
the mass of which they consist pressing with greater or 

■ 
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less weight upw-the inner coat of the eardi ; those parts 
wMch are heaviest smking lowest into the subjacent fliud, 
md makmg tPo/fiM^ and those which are U|jhtest rising ' 
higher and forming mounUnm* 

Such Mr* Wliiston supposed to be the state of the ^^bbe 
we inliabit befeie the Deluge. Owing to the superior 
heat». at that tinie» of the central partSf which have beea 
ever since cooling, the earth was more fruitful and pipa* 
lous anterior to that event than since. The greater vigour 
of the genial principle was more frigidly to animal and 
vegetable life. But as all the advantages of plenty and Ion* 
gevity which this circumstance produced were productive 
only of moral evil, it pleased God to testify his displea- 
sure against sin, by bringing a flood upon a guilty world. 
The flood was produced, as this theorist supposed, in the 
following manner. A Cornet^ descending in the plane of 
the ecliptic to its perihelion, made a near approach to 
the earth. The approxiaiation of so large a body raised 
such a strong tide, and produced such powerful com- 
mouon in ihc ab} ss concealed under the external crust, 
that the latter was broken, and the waters which had been 
before pent up, burst forth with great violence, and were 
the principal means of producing the deluge. 'In aid of 
this, he had recourse to another supposition, which was, 
that the cpmet, while it passed so near die earth as 
to produce these effects by the force of attraction/also in* 
* volved our g^obe in its atmosphere and tail for a consi- 
derable time, and deposited vast quantities of vapours on 
its sur&ce, which produced violent and longfContinued 
rains ; and, finally, that this vast body of waters was re* 
moved by a mighty wind, which dried up a large portion, 
and forced the rest into the abyss from which it had 
been drawn, leaving only enough tp form the. ocean and 
nvers which we now behold^ 
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SECT. V. 

THEORY OF HUTCHINSON. 



AT an early period of the eighteenth century, the 
celebrated John Hutchinson formed a theory of the earth, 
which he professed to derive from Scripture.* He sup-* 
posed, that, when the earth was first created, the terres- 
trial matter was entirely dissolved in the aqueous, form- 
ing a thick, muddy, chaotic mass ; that the figure of this 
mass was spherical, and on the outside of this sphere lay 
a body of gross dark air ; that within the sphere of earth 
and water was an immense cavitv, called by Moses the 
deep ; that this internal cavity was filled with air of a 
kind similar to that on the outside; that on the creation 
of light the internal air received elastictty sufficient to 
force its way tbfough the external covering ; that imme- 
diately on this^ the water descended, filled up the voidt 
and left the earth in a form similar to that which it bears 
at present i that when it pleased God to destroy mankind 
by a flood* he caused, by his own miraculous agency* 
such a pressure of the atmosphere on the surface of the. 
earth, that a large portion of it was forced into the inter- 
nal cavity which it had formerly occupied, and expelled 
the waters from it with great violence, spreading them 
over the surface ; that the shell of the earth was by this 
means utterly dissolved, and reduced to its original state 
of fluidity ; and that, after the divine purposes were an- 
Fwered by the dehip^e, the globe, by a process similar to 
that which at first took place, was restored to the form 
which it now bears. 

^ * This theoxy was enlarged and commented upon by Mr. Cfttcot, a 
foll0«ier of HutchioMm, who, in 1768, ptiblishsd a vohnae on ibe 
subject. 
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THEORY OF MORO. 

IN the vear 17'40 the abbe Moro, of Italy, published 
a theory of die earth, which he chiefly derived from the 
works of Ray, of the preceding century. He 3Upposed 
that the surface of the earth, as we now behold it, and 
especially the mountainous parts, arose originally from 
the bottom oi the ocean. At first, according to him, 
these mountains contained neither strata of shells nor any 
organized fossils ; but by means of subterranean confla- 
grations, earthquakes, and volcanoeg, these substances 
were thrown up in confused heaps, aliter which thrfr suc- 
cessively subsided according to dietr different specific 
gravitiesy and thereby necessarily disposed themserres in 
difierent strattu He also maintained that ^ese subnui- 
rine ^ruplionB, while they threw up hugs and irregular 
masses of matter, also ingulfed marme plants and animals 
of eveiy kind, which subsided in like manner, and thus 
formed new mountains and new beds of stones, sand, 
metals, and other minerals, intermingled with the re« 
mains of vegetable and animal bodies, all which remain- 
ed under the sea till some new agitation threw them 
above its surface. He supposed that the waters by which 
the earth was originally overflown subsided by degrees, 
the dry land first appearing in places adjacent to that 
where the first man and animals were placed at the crea- 
tion ; that the land extended itself gradually, a consider- 
able time elapsing before the waters had returned into 
their proper bed, during which time the sheU-fish, multi- 
plying in great abundance, were universally distributed 
by the waters of the sea ; and that when the bottom of 
the sea was raided up by tlie earthquakes that accompa- 
nied the dbluge, and formed the mountains, whole beds 
of such sheUs were thrown up, and distributed as we 
now behold them» 



Theories oj Geoio^i^* 



SECT, m 
THEORY OF LE CAT. 

ABOUT the year 1744 M. le Cat, a philosopher of 
Fi nncc, pi oposecl a theoiy of the eaith differing from all 
which h;itl ])receclecl it. 

According to him, in the beginning, the substance 
>N'ht ncc metals, stoues, earths, and other mineral bodies 
were to be formed, was a soft mass, consisting of a kind 
of mud. The earth was a globe, or regular spheroid, and 
its surface was uniform and free from lulls and vallies. 
The sun and moon were afterwards created. The fluid 
which covered the mud became agitated by the flux and 
reflux to which it was subjected by attraction^ and the 
nud was variously and viokntly moved. This agitation 
increasing* part of the mud became expooed^ and dried. 
Continents were thus formed* The materials of the earth 
being compact and solid, the sea continually excavated its 
bed ; and from the continual retreat of it, and the exca* 
vation of the earth, this globe is doomed to be at last so 
perfectly undermined as to produce a confluence of the 
sea from hemisphere to hemisphere. The earth becoming 
thus hollow, and its shell being gradually extenuated, will 
at length fall to pieces : a new chaos will be formed, the 
fabric will be again revived, as at first ; and a periodical 
dissolution and renovation take place. Le Cat professed 
to believe the sacred Scriptures, and discovered an anxi- 
ous desire to show that liis theorv was consistent with 
them; bit the best judges among his contemporaries, and 
since that period, have pronounced it equally inconsistent 
with the structure and phenomena of otir globe, and with 
the Mosaic histor}*. 
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SECT. vm. 



THEORY OF MAILLET* 



ABOUT the year 1750 appeared the Tel&amd of M. 
MaiUet, a French writer of some note. He taught, diat 
the earUi was once wholly covered with water, which, by 
teeans of strong currents^ nused In its bosom all those 
mount^ns which different countries bear on their sur- 
fiice ; that this water has been ever since gradually dimi- 
nishing, and will continue to diminish until it shall be 
quite absorbed ; that our globe, being then set on fire, 
will become a sun, and have various planets revolving in 
its vortex, till its ig^neous particles being consumed, it 
will be extinguished ; that then it will roll through the 
- immensity of space, without any regular motion, till it is 
again covered with watery particles, collected from other 
planets, when it will fix ia tlie vortex of a new sun, and 
again go through the same course of motions and changes, 
being supplied with fresh inhabitants, resembling those 
by which it is tenanted at present ; that the earth has 
probabl)r been undergoing revolutions of this kind from 
all eternityy and will contmue to go through a succession 
of them without end. This athebttcal and absurd 
Aeory, if it deserve the name, not more hostile to reve- 
lation than to all sound philosophy, seems to have gained 
hut few adherents, and but titde celebijty. 



SBCT.n:. 



THEORY OF BUFFON. 

AFT£R M. MaiUet, his countryman, the count de 
Buffon, formed a new theory of the earth, which has 

been much celebrated, and, notwithstanding its incon- 
I sistency with revelation^ and the visionary absurditie.^ 
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which it involviCtt, has gained mmj advocates and adr 
mirers* According to this ingenious theorist^ a comet 
falling into the body of the sun with great force, struck 
from its surface a large mass of liquid fire. The comet 
communicated to this fragment, thus drivenpff from the 
sun, a violent impulsive force^ which it still retains. This 
Iragment forms the globe we inhabit. It assumed its 
present figure when in a fluid state. As the heated mass 
gradually cooled, the vapours which surrounded it con- 
den ''pd, fell down in tlie form of water upon the surface, 
deposituig lit the same time a slimy substance, mixed 
. with sulphur and salts, part of which was carried by the 
waters into the perpendicular fissures of the strata, and 
produced metals ; the rest remaining on the surface, and 
giving rise to vegetable mould, with more or less of ani- 
mal and vegetable particles. Thus the interior parts of 
the globe \\'t.vc originally composed of vitrified matter, 
and they continue so at present. Above these were 
placed diose bodies which the fire had reduced to the 
smallest particles, as sands, which are only portions of 
glass, and above these pumice stones, and the dross of 
melted matter, which gave rise to difierent clays. The 
whole was covered widi water to the depth of five or sis 
hundred feet. This water deposited a stratam of mud, 
mixed with all those materials which are capable of being 
sublimed or exhaled by fire, and the air was formed of 
the most subtile vapours, which, from their kvily, rosO' 
above the waters. 

Such are the outlines of a theory bold and plausible^ 
as might have been expected from the mind of its author, 
but unsubstantial and deceptive. Its manifest object is 
to exclude the agency of a Divine Architect, and to re- 
present a world begun and perfected merely by the 
operation of natural undesigning causes. That it cannot 
be reconciled with the sacred history, will appear evident 
on the slightest inspection ; and that it involves the 
grossest philosophical absurdities has been clearly shown 
by succeeding geologists. 
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SECT. X. 



THEORY OP RASPE. 



M. de BufTon's theory was warmlv opposed, soon 
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Raspt- , a t^r-colojrist of Germany.* 
theory of Moro before mentioned, 
it as approaching much nearer the 
ous fable of the French naturalist, 
e opinion of continents and moim- 
own up from the bottom of the ocean, 
conflagrations and volcanoes, was 
close observation. He contended, 
f sand, mariife, chalk, and slate, 
uia^tions of a, burning soil, but ra- 
lisposed by the ag^tion of the sea. 
intainedf that the strata, of whidi 
of the earth is composed, wete ori- 
e bottom of the sea, by the constant 
s, and the continual production of 
the subterraneous explosions and 
>g H^ough the bottom of the sea, not 
hills, and submarine mountains, of 
its broken parts^^^^t also frequently raised up such large 
portions c>i ^^^V 

of the ocean, with its incumbent 
strata, as to^iork^ islands and dry mountains. At some 
times, a- he ^(^prr»Rd, the presence of so large a body of 
water caused ri to break through the cavities made by 
previous eruptio», and at other times the violence of the 
subterraneous explosions was so great as to remove moun- 
tains from one place to another ; while the heat of the 
internal fires causing these explosions was so intense as to 
Qielt, calcine, or vitrify, ail adjacent substances. 

* Specimen Hiatorite jVa'uraUs Globi Rudolpliu 
Brico Raspe. 8va X<6iptic, 1763. 
VOL. I. 4 
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THEORY OF WORTHINGTON. 



IN 1773, Dr. William Worthington published a 
theory,* in which great learning an4i£ety, and a consi- 
derable share of ingenuity, are cc^inined. He main- 
tained that the earth, in its primitiv'e^tate, was plain and 



the melancholy lapse of our first pai^H immediate- 
ly followed by earthquakes, and every species of convul- 
sion, which produced these dreadful «ttectt^ the sur* 
fiice of our earth i that the antfedtlittriaQ' earth gveady 
abounded with water, much more iMZ,ix present, and 
tiuit the greatest quantity of it was tffOected aboot Ae 
poles % that at first the poles of the ea^ were erect, tad 
at rig^t angles with the pkne of th# ^quator ; that the 
centre of the earth was then the centre of gravity ; that 
^e deluge was produced by the centre of gravity beni^ 
removed twenty-three degrees .and a half nearer to one 
of the poles, which led to a correspodding deviadon of 
the poles from their former position^ and thus threw the 
great body of water accumulated rounrl {hem on those 
parts of the earth where little had existed before, and by 
these means drowned them. This* event he supposed, 
increased the irregularity of the earth's Jiurface, and pro- 
duced many of iliose phenomena, whicn so plainly esta- 
blish the reality of the general deluge^ 




* Scripture TUory of the Earthy 8vo. 1773. 
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SECT. xn. ' 

THEORY OF WHITEHURST. 



ANOTHER British theorist, of still more celebrated 
name, pubhshed anew system oi gcolog^y in 1778. This 
was Mr. Whitehurst, a gentleman oi respectable talents 
and information, and whose theory has attracted consider- 
able attention.* Mr. Whitehurst supposes, that not only 
this globe, but the whole of the planetary system, was 
once in a state #f fluidity, and that the earth acquired its 
oblate spheroidical form by revolving round its alcts in 
that state* In this fltild Msute^ the component of the 
earth were suspended in one general undivided mass, 
*^ without form and void.'' These pans' were endued 
with a variety of principles or laws- of elective attraction, 
though equsdly and universally governed 1^ the same 
law of gravitation. They were heterogeneous ; and by 
their attraction progressively formed a habitable world* 
As the component parts of the chaos successively sepa- 
rated, the sea universally prevailed over the earth ; and 
this would have continued to be the case had it not been 
for the sun and moon, which were coeval with the earth, 
and by their attractive influence interfered with the 
regular subsiding of the solid matter, which was going 
on. As the separation of the solids ani fluids increased, 
the former were moved from place to place, without re- 
gularity ; and hence the sea became unequally deep. 
These inequalities daily becoming greater, in process of 
time dry land was formed, and divided the sea ; islunJs 
gradually appeared, like sand-banks above the water, and 
at length became firm, dry and fit for the reception of 
the animal and vegetable kingdoms- He supposed that 
mountains and continents were not primary productions 
of nature, but of a very distant period from the creation ; 
that they are the effects of subterranean iires and commo- 

' htgttif y into the Original StaU and Fitrmation 0/ the Earth, &e, 
John lYhitehunt, F. K. S. 1773. 
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tions, nnd were produced when the strata of the earth 
had acquired their greatest degree of firmness and cohe- 
sion, and when the testaceous matter had assumed a 
stony hardness. And, finally^ that the marine sheik 
fba^d in varkms places, on and below the auiface o£the 
ear^ were Ibr the most part generated, lived and died, 
in the places in which they are found ; diat they were not 
broui^t from distant regions, as some have supposed ; 
and consequently, that these beds of shells, &c* were ori- 
ginatty the bottom of the ocean. 



8BCT. xnt 

THEORY OF DE LUd 

* 

TWO or three years after the appearance of Mr. 
WhltehUlrst's publication, M. de Luc, Geneva^ dissa- 
tisfied with all the numerous tl^eories which had been 
proposed, ofiered another, which has occupied consider- 
able attention in the scientific world.** He supposes that 
the ocean once covered our continents i that the bottom 
of the old ocean was full of mountainsf which neither 
the ^vaters, nor any other cause known to us, Ibrmed, 
and which hethere^re calls primordial. These mountains * 
rose above the surface of the waters, and formed islands. 
These islands, and the ancient continents, were fruitful 
and well peopled i and the ancient sea had tides, currents, 
and tempests, as the present ocean. These powers acting 
upon the soit matters which are known to have formed 
the bottom ol the ancient ocean, produced accumulations 
of calcareous substances, which, in process of time, 
became more or less mixed with marine bodies. The 
rivers, in the mean while carried from the land into the 
sea scattered remains oi animal and vegetable productions; 
the sea itself washed them from its coasts into its bosom ; 
and these materials^ transported by currents, became a 

* Lettrf Phyngxieret Mtnin for PBtttire de la l^are et dttBm- 

met 1)} J. A. cie Luc, 8vo. 5 torn. 1780. This theory, as to its prlnci- 
pal outlmcs, was first sug^sted by Mr. Edward Kiogi but was after- 
wards much extended and improved by M. de JLuc. f 
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secondary soil upon its primordial bottom. Fires and 
elastic fluids, formed by fermentations, made various 
openings in the bottom of the ocean, whence proceeded 
torrents of liquid substances and lava ; which gave rise 
to the volcanic mountains observable on the surface of 
our continents. The continents which existed la a bUUc 
of population and fertilit}^ while the sea covered those 
which we now inhabit, though they did not form a solid 
mass, but were, properly speaking, vaults, which covered 
itnmeiise caverns, mamtained their elevation above the 
level of the ocean hy the strengdi of their pillars i whidi 
being of primordial matter, were scdid and stable : but 
the changes which the subterranean fires produced at the 
bottom of the ancient sea opened passages for its waters 
into the interior of Uie earth ; the fermentation produced 
by this eruption shook the pillars of the primitive earth ; 
which sinking into its caverns, the old continents disap- 
peared, and imr surface descending below the level of 
the waters, a general inundation ensued. This was the 
general deluge : the sea now covered all the globe, ex- . 
cept the islands of its ancient bottom, which increased 
in number and macrsitudc, until the weight of the water 
added to that of the superior vaults, crushed the inferior 
ones, and deepened more and more the new l)t d of the 
ocean ; so that, at last, by a motion rapid, but not vio- 
lent, all the waters retired from their former bed, and left 
our continents dry. Secondary mountains, and other 
irregulaidties, wiere afterwards formed by volcanic com- 
motions and maritime currents and convulsions. 

This learned theorist professes a firm belief in revela- 
tion; and insists that all the principal lines in the Mosaic 
history are confirmed, and none oi them ccmtnidicted, by 
the most attentive survey of the globe* It may weU 
be questioned, however, whether some parts of his theory 
can be reconciled with the sacred records ; and they are 
po-ecisely those parts which it is most difficult to recon- 
cile with reason and sound philosophy* 
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SECT. XIY. 

TH£ORY OF MILNE. 

NEXT to the tfaeovy of M* de Luc «ppen that of 
Mr. MUne ; which, though less celebrated. Is by no means 
unworthy of notice** This gendemah declares himself a 
warm Mend to revelation, and professes to have formed' 
a system tn strict conformity with the sacred history. In 
some respects he agrees with Mr. Whitehurst ; inothera 
he adopts the opinions of M. de Luc; while, wiih regard 
to a third class of his doctrines, he claims to be original : 
, he supposes that the earth, immediately after the fall, and 
in consequence of the divine curse pronounced against it, 
underwent a total chring^c, by nneans of the elementary 
fire lodged at that time near its centre; and that hence 
arose the irregularities which now appear in the earth's 
surface. 



SECT. XV. 

THEORY OF DR. HUTTON. 

THE thcQty of Milne was followed by that of Dr. 
James Hutton, of Edinburgh, which has been much 
more disti^iguished, and excited incomparably more at- 
tention* Dr. Hutton thinks,f that aU our rocks and 
strata have been formed by subsidence under ^e waters 
of a former ocean, from the decay of a former eanh, 
carried down to the sea by land floods ; that the strata at 

* A Course of Ph} sico-Tlicq^og-lcal Lectures on the State of the World, 
IVom the Creation to the Dt-luj^e, by Robert Milne, A. M. octavo, 1786. 

■(• Theory of the fciai th ; or, un Investigation of the Laws obsemble 
ill tlie Composition, Dissolution, and Restorution of Land upon the 
E:u'tli,by Janins fhitton, M. 1) F. R. S.E. This Memoir is conUuncd IB 
' ilie Transactions of the Royal Society of Edinburgh^ vol. i. 
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the bottom of the ocean were brought into fusion by 

subterraneous fires, and consolidated by subsequent con- 
gelation ; that these strata were forced up, and made to 
form islands and continents by similar agency ; that the 
shells and other exuviae of animals, s>;radually colletted 
and incorporated with these strata, make about a fourth 
part of our solid ground ; and that the foregoing ope- 
rations, viz, the waste of old landy the fornuition of new 
under the ocean, and the elevation of the strata now 
forming there into future dry land, are a progressive work 
oi nature, which always did, and always will go on, 
forming world after world in perpetual succession* Con- 
sequendy, according to Hb&a tneory, the continents which 
we now inhabit musty in process of time, be worn awa]^ 
and destroyed, and others be forced up to supply theic 
place. The length of time to be allowed for this sue* 
cessive destruction and reproduction. Dr. Hutton 8up> 
poses to be far greater than is generally imag;ined« His 

rem, therefore, is to be arranged, of course, among 
e which are hostile to the sacred history ; and the . 
best judges have pronounced it equally hostile to the 
principles of probaJ)ility, to the results of the ablest ob- 
servations on the mineral kingdom, and to the dictates of 
rational philosophy. (See Appendix No. 2.) 

It has been suggested, that this doctrine of the ig'niform 
origin of our globe appears to be drawn from the theory 
of M. BaflPon, with the dilFerence of perpetually reno- 
vating powers, having no determinate commencement, 
instead of a once slowly forming and no%v gradually de- 
caying principle. Dr. Hutton.i indeed, does not attribute 
the fusion of terrestrial substances to the state in which 
this planet issued from the sun, hut to subterraneous fires 
and iuriiaccs, coeval with it, and ^till existing undimin- 
ished.^ 

^ ilbwstd*t ThnighU m ths Gttif, tec. 
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$£i;t. xvt. 
THEORY OF WILLIAMS. 

IN 1790 appeared a new theory of the earth, by Mr* 
John Williams, a mineralogist, of respectable character, 
which, though it has not acquired much celebrity, is en- 
titled to a transient notice in the present sketch.* 

Mr. Williams supposes, that the superficial parts of the 
earth were originally mixed with water into a fluid or 
chaotic mass. All the regular strata were formed by the 
•flow of the tides successively spreading out the deposited 
matters on a large horizontal plane. The granites rind 
other stones, which he does not consider as stratified, 
subsided when the water was in some degree of rest, as at 
the highest of the tides, or where local obstructions pro- 
duced stagnation. When the whole surface was in a fluid 
state, the tides, necessarily rose to a prodigious height, 
several miles higher than the tops of am oi our moun- 
tains. The mountains of granite, which are uniiorm 
throughout, must have subsided in one tide. The tides 
were highest, and had their resting places on the two 
opposite parts of the g^obe^ which are now the eoatinents ; 
and their direction, on different parts of the globe, was 
such as we now find that of the strata to be. 'He main- 
tained, furtlier, that the interior body of the earth was 
formed in the same manner, prior to die superficial parts. 
From various causes, it was full of inequalities : it con- , 
tained much water both in the composition of the not yet 
iiionsolidated strata and in separate cavities; so that when' 
the superficial strata were laid between the tides, and the 
ocean began to retreat into its present bed, the weight of 
these superincumbent strata forced out the water imprison- 
ed below them : these strata themselves, as yet soft and flex- 
ible, were, in many cases, bent and broken : cracks were 
occasioned by their contraction in drying ; which cracks 

* J\''atural Nistortf of the JiSxmrul Kingdajn^ &c. by John Williams, 
StoIs. 9vo. 1790. 
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were iaoreaied by the inclinadonof the strata in different 
ways> and were widest at the top ; and the whole solid 
matter dimtnishing in bulk, as it became dry, high tides * 
still overflowed it, and poured extraneous stony matter • 
into the fissures* On diese principles he explains all the 
declivities, ruptures, interruptions, and irregularities^ 
which we now behold* The larger grains and fragments 
found in the composition of otu* rocks, and all those 
bodies, which are of a similar structure, and not crystal- 
lized, were once in distinct strata, though not now to be 
found in that state. This he considers as one of the 
many evidences which our earth every where affords of 
the general deluc^e. Bv the high tides and violent agi- 
tation of the diluvian waters, Uie primitive strata, which 
had never !)Llore lelt any rain, were loosened, torn 
asunder, and ground down by attrition against t^ach 
other, and all the superficial parts of the earth reduci d 
again to a chaos. When tiie waters began to abate, the 
larger stony particles and fragments subsided first, and 
formed the compound rocks and beds of sand ; and the 
filler and lighter sediment was spread, by the tides, into 
strata of diilerent consisteucy. 

SECT. xvn. 
THEORT OF D£LAMETHERI£. 

THE next theory entitled to notice is that of M. 
Delametherie, of France, which has been, of late, very 
fashionable in that country, and produced considerable 
discussion*'* He supposes that the Asternal crust of our 
(^e was formed in the bosom of the waters^ from 
which it emerged in a state not very different from its 
present appeanmce* The crust, after its formation, un- 
derwent a variety of small alteratifms, from local causes* 
The waters surpassed the hi^est mountainf: in other 
words, they were at least three thousand toises above 
their present leveL All mountains, vaUies* and plains, 

* Theovie dc la Terrc, 8vo. 5 torn. Paris, 1797. This large work 01; i- 
braces much e xti ancous matter. The iburth Md filj^ Tolumcs coatain 
the author's tlieory. 

VOL. t* 5 
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were formed by crystaUization amidst the vaters* The 
materials which formed tfiem were truly dissolved ; but 
as they would require much more water for solutkm than 

* is now to be found, it is evident that most of the waters 
of the primitive seas have disappeared. He thinks, that 
these have chiefly retreated into the bowels of the earth ; 
that cavities were formed there at the time nf the crys- 

' tallization of the globe, which were at first filled with 
elastic flnids ; but the venter afterwards iinding its way 
into them, became lodged there : that some caverns have 
been fonned bv subterraneous fires, but that the most 
powerful cause of them has been the refrigeration of our 
globe ; and that, though the surface of the earth has 
been brought to its present state by the action of water, 
it may, at the first moment of its formation, have under- 
gone a very great degree of heat, as happens to a comet 
passing near the sun* 

In £e formation of this theory, M* DebmeAerie dts* 
covered considerable ingenuity and great learning. He 
can scarcely, however, be called an original writer: 
Voigt had held the doctrine of the aqueous crystaMbuh 
tion of strata before him i and, indeed, the greater part of 
his system is made up of parts collected from different 
theorists* This is generally considered as one of those 
theories which are hostile to revelation. 

SECT. XVIII. 

THEORY OF HOWARD* 

OF a very dtlli^nt character is the theory of Mr. 
Howard, who about the same time published his opinions 
on this subject.* This gentleman is a firm believer in 
revelation, and his theory is intended to be perfectly 
consistent with the sacred history. 

He sup^btfes that the elements of all material sub- 
stances were originally in a confused mass, called the 
abyss, without motion or animation i and that the present 

• Thoughts on fhf "'n.'ctifr^ nf the Clolfe, and the scriphtrnl IliHovn of 

♦ the Earth, and oJ\)Junkiii4i &c, by Philip Howard* Esq. 4to. Ix)ndori, 
1797. 
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order of things ^v as gradually, and at dtfferent internals, 
drawn from it, by means of laws impressed by the power 
of the Creator. The earth, of which we now behold the : 
ruins, was originally constructed with its poles perpcn-^ 
dicular to the equator ; the centre of gravity was the cen- 
tre of die globe ; and the year consisted of three hundred 
and sixty days. At that time, the irregularities of the 
earth's sur&ce being less considerable, and the 4iatrihu- • 
tiOn of land and sea being more equal, the atmosphere 
was moBe temperate and salubrious, and, of course, the 
life of man was prolonged greatly bejrond its present li- 
mits. Hie ternunation of this golden age'* im^t 
have been efiected by the ]»oximity of a Cbmet condens* 
sng the vapours of the atmosphere and attracting the sub- 
terraneous watersy which, bursting through the exterior 
surface, precipitated indiscriminate portions of the prim- 
itive earth into the cavities below. The more perfect 
consolidalinn of the globe in the southern hemisphere 
changed the centre of gra\ ity, which produced a propor- 

" tionate deviation from the plane of the equator. The 
ocean did not, at once, however, sink to its present level. 
The posterior accession of waters from seas hitherto in- 
land may have crushed down other inferior vaults, and 

' finally setded its lowest degradations. As the land be- 
came thus elevated above the bed of the ocean, the cold 
became more intense, the vicissitudes ot climate were 
more severely felt, and the life of man suffered a pro- 
portionate abbreviation* 

SECT. XIX. 

TH£ORY OF BERTftAND. 

MR. Howard was succeeded by M. P. Bertrand, of 
France, who next proposed a theory, much less philoso- 
phical, and in every respect unworthy of a sober mind.* 
This theory though exhibited and defended with some 
talents, may be considered as the most wild, and as in- 
volving the most palpable opposition to eyery received ^ 

* J^'buveaux Frindpet de Oc^hgie, pn P. Bertnnd, Ice. Paris, 
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principle, that has yet been presented to the public* In- 
deed, its unreasonableness and extravagance are so great, 
that it seems to have attracted but Uttic respectfid atten- 
tlon among any class of pllilosopliers* 

6BCT. XX^ 

THEORY OF KIRWAN. 

THE last petsonib be mentioned^ as having adveiltuT' 
'ed in this ample fieli of speculation and inquiry, is Mn 
Kirwan* This gentleman with that learning which has 
enabled Mm to prosecute his numerous investigations in - 

so enlightened a manner, with that judgment and pene- 
tration which render his inquiries so valuable, and with 
that spirit of patient and accurate observation which is 
so indispensably necessaiy to a successful development 
of this subject, has framed a theorj^ of the earth, which 
is perhaps the most rational and probable extant.* 

Mr. Kirwan believes that the superficial parts of the 
globe were originally in a soft liquid state, proceeding 
Irom solution in water heated at least to 33°, and possibly 
much higher : that this menstruum held in solution all 
the different earths ; the metallic, the semimetallic, the 
saline, and the inflammable substances : that in this fluid 
its solid contents coalesced aiid crystallized, accordinp^ to 
the laws of elective attraction ; that these were deposited 
in strata according to the predominant proportion of the 
ingredients : that by this crystallization of these immense 
masses a prodi^ous quantity of heat must have been 
generated, and mcreased hy the decomposition o£ Ae 
water intercepted in the precipitated ferruginous partideSf 
and hy the disengagement of inflammable air^ even to 
incandescence ; the oxygen uniting with the inflammable 
air, and bursting into name ; that this stupendous confla- 
graUon must have rent and split to an unknown extent 
the solid basis on whicli tlie chaotic fluid rested: that 
from the heated chaotic fluid must have been eictricated 
the oxygen and azotic airSf which gradually formed the 

* CkoUfgUal EiKiyst by Richard Kirwao, Esq. F. R. S. &c. 8vo. If 99 
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atmosphere : ^lat fifom the uidoa of oxygen with igni&d 
carbon proceeded the carhtmk acid^ tbe afaiorpdoii of 
nHiichf a« the chaotic fluid cooled occasioned uie ciys- 
taUizatlon and deposition of cakarcous earths Mr* Kjurwftn 
also bdieyeSf that the immense maasea thus crysti^Hzed 
and d^ioMled formed &e primitive jtmtntaim ; that tfie 
Ibrmattop of plmm took place from the subsequent depo-. 
sition of matters less disposed to ci|r8tallize in the inter* 
vals of distant mountains ; that the level of the oocan gra- 
dually subsided, leaving large and elevated tracts of land 
uncovered ; that the creation of fishes was subsequent to 
the emersion of the hnvl ; that alter this retreat of the sea, 
the earth soon became covered with vegetables and peo- 
pled with animak, bein^ in every respect fitted to re- 
t civc them ; tliat the gradual retreat of the waters continu- 
ed until a few centuries before the general deluge ; that 
this event was occasioned by a miraculous effusion of wa- 
ter both from the clouds and from the great abyss — the lat- 
ter originating in and proceeding from the great southern 
ocean beiow the equator, and thence rushing on to the 
northern hemisphere, spreading over the arctic region, 
and descending again southward ; that during this elemen- 
tal conflict, ihe carbonaceous and bituminous matter ran 
into masses no longer suspcnsible in water, and formed 
strata of coals and that other substances, by the ix>mbina- 
tiott or decon^Kisition of their respective materials, 
formed various other kinds of mineral bodies, as BaMHc 
manes^ cakedomes^ spars j 

That the inequality of declivity exhibited by the sides 
or flanks of mountains, m every par^ofthe globe, had any 
regard to the /Joints if the compofiSy seems to have been 
first remarked by the celebrated Swedish geolog^t, Tilas*t^' 

He supposes that this fact is connected with the ori* 
ginal structure of our globe ; that it proves thattnoun- 
tains are not mere fortuitous eruptions (as some, within a 
few years past, have confidently advanced) and that it fur- 
nishes a powerful argument in favour of the Mosaic ac- 
count of the creation^ deluge, Sccf * » 

BuT> although there has been in modern times (as ap- 
pears from tjie foregoing pages) a wonderful variety of 

* See MerMin of Stockholm for 1760. 

f See Truntaction* of the Moyal Irith ^eatimff, voi, viL 
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fanciful productions, under the name of geological the- 
ories, wc aii; by no means to imagine that notliing hab been 
usefully done in this department of natural history. 
Amidst all the splendid rubbish with which it has been 
incumbered, some precious treasures have been brought 
to light. Amidst ttie speculations which h«ve darkened 

%co^mel^ large additions have been made to our knowledge 
of this impoitant subject. These may be briefly summed 
up in tile following particulars* 

The materiais for the formation of a correct and ra- 
tional theory of the earth have been gready augmented 
during the last age. £nli ghtened mineralogists, practical 
miners, and patient chemical experimenters, have been 
engaged, throughout the centuiy, in making accurate ob» 
scprvations ; in visiting foreign countries ; in exj^oringthe 
bowels of the earth ; in comparing the strata of every por- 
tion of the gloljc ; in examininj:^ their form, direction, ex- 
tension, and connexion ; in auulyzinf^ tl^eir component 
parts ; and in rollrctinq,- a multitude oi tacts, which have 
all tended to throw light on tiie origin and liistory of our 
planet. By means of the useful discoveries which tliese 
inquiries liave made, wc are furnished widi weapons for 
beating down false theories, and with information en- 
abling us to pursue our investigations further, and with 
more advantage. 

Difticulties have been latelv removed which were once 
sup|)osed, by some, t« militate strongly against thc p&ssi' 
bility of a ^grnrral Deluge. Early geologists, for want of 
accurate information, supposed that all the waters of the 
globe were not sulSioient to cover the whole earth to such 
a depdi as the sacred historian describes. It was assert- 

■ed that the mean depth of the ocean, did not exceed a 
quarter of a mile, and that only half of the surface of the 
globe %as covered by it. On these data Dn Keil com- 
puted, that twenty-eight oceans would be requisite to co- 
ver the whole eartk to the height of fiur miles^ which 
he judged to be that of the highest mountains ; a quan- 
tity, which, at that time, W|ts utterly denied to exist. But 
further progress in mathematical and physical knowledge 
has since' shown, that the difiierent seas and oceans contain 
at least forty-eight times as much water as they were sup- 
posed to do, and much m<Mre than enough for the extent 
ascribed to the deluge in the sacred history.^ . 

* Ktrwan'a Geologicid EsMya* FP> 66, 6r. 
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While difficulties which were supposed to relider the 
deluge impaas^le have been removed by the invesdgattous 
of modem philosophers, jxanj facts have been, at the 
same time, brought to light, slwwing the frobahUki^ and 
even cerUdniy, of that mighty inundation* In every ysI- 
ley and mountun, support for revdadon has been found* 
(See Appendix Nq* 3*) Marine sheik have been disi^ov* 
ered in situations so elevated, and under circumstances so 
remarkable, as to prove that they were left there by a 
flood extending over the whole globe ; and what conHrms 
this conclusion is, that shells peculiar to diiferent shores 
and climates very distant from each other have been 
found in promiscuous heaps, plainly showing; that they 
could have been brouj^ht togetht^r oiilv hv an extensive 
inundation. The bones of elephants and oi rhinoceroses 
have been found, in a multitude of instances, far distant 
fiom the regions in which they are found to live, and 
where, Irom the nature of the climate, they could never 
exist in the living state : and between the climates which 
they might have inhabited, and the places, in which they 
are now found, too many mountains intervene to suppose 
them carried ihither by any other means than a general 
dehigeJ^ The most patient and accurate examinations , 
of detached mineral substances, and of the strata of the 
globe, which late inquirers have made, afibrd every rea- 
son tabdieve that the earth was for a considerable time- 
wholly overflowed with water* And, to crown all, as 
voyagers and travellers have explored new regions of the 
ewth, they have found, every where, the indications of 
geological phenomena confirmed and supported by the 
noiaces of tradition. Accor<fogly, it is very remarkable 
that a great majority of modem tli^rists have embraced^ 
the Neptunian doctrines ; and even such of them as re* 
jected the ^Mosaic account of the deluge have been com« 
pelled to seek for other means of immergtng the present 
continents in the ocean. 

Finally, the researches of modem geologists have given . 
abundant confirmation to the sacred history, not only 
with respect to the general deluge^ but also with re^rd 
to the age of the earth. 

* Kir W4n*s Gcologicul I^says* p. 54» et. seq. 
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SECT. L * 

THE natural division of this globe of ours is into sea 
and land ; about three-fourdis of it being occupied by 
wftter, although probably no where to a depth compara- 
tively very considerable. The remaining fourdi consists 
oAandf devated more or less above the level of the sea, 
interspersed in some parts with small collections of water, 
at various heights, and, in a few instances^ somewhat 
lower than the surface of the main ocean. 

The internal constitution of the earth Is little known* 
The deepest excavations that have been made by human 
art do not exceed 2400 feet, or less than half a mile ; 
which is a very short distance indeed when compared 
with the diameter of the earth, which is about 7947 
English miles : so that whatever lies below that depth is 
to us utterly unknown. The substances which have been 
extracted from those exravations arc not in general of a 
nature dilfcrent from those which in some "particular 
places have been found immediately upon the surface. 
These substances are in general arranged in strata, vari- 
ously inclined to the horizon, and of a thickness not very 
equal. Some indeed have supposed tliat they follow each 
other, in a certain order, almost throughout the globe ; 
but this opinion appears to rest on slight foundations. 

The mean density of the earth, deduced from the ob* 
servations made by Dr. Maskelyne on the sides of Sche- 
Ixidlien, an insulated mountain in Perthshire, is 4J, rec- 
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koning water^w usual, the standard of comp^son^ Mr« 
Cavendish has latdy assigned a ^ater quantity^ or about 
5^9 from a^ very elegaat eneKimeat on the principle of 
wmam% which Couknnb employed so successfully intt va-. 
riety of da l i c a t e resaacchss. ^eriiqw the txiie proportion 
woqld be found to lie between these limits. The ^erva- 
•■iiais of Dr. Maskelyn^ however skilfully conducted 
, by ' Aaft eminent astronomer, were performed under the 
most unfavourable circumstances, in a foggy climate, and 
a rainy season* And Mr. Cavendish's experiment was 
QCj^ perhaps made on a scale sufficient to afford vety great 

Sreciaion. Nor is it at all improbable, that the apparent 
)pce of attraction was in some degree augmented by a 
slight infusion of magnetic virtue ; for the masses of lead 
. which discovered their mutual appetency might } et con- j 
■ tain a certain admixture of iron, in a state of such in- ' 

timate combination as to resist the action of chemical 
I solvents. 

We are disposed to think that, instead of selecting a 
conical hill with a view to ascertain the deviation of the 
plumet, it would he more eligible to place the observer 

. successively on the opposite sides of a narrow vale, 
bounded by two ranges of lofty mountains which run 
from east to west. Those stations would be very com- 
modious for determining the altitude of a star, and their 
tme distance could be fonnd trigonometrically with the 
utmost exactness. The mountains themselves might be 

. surveyed by considering them as composed of a number 
of parallel and verdcai uices» formed- by planes,* in the di* 
jection of the meridian* Tht best scene that I am ac- 
jquainted with for attempting these operations is in the Up* 
'.per Valais, where the Rhone holds a westerly course ; and 
the enormous Alps, in a double chain, having more than 
a mile of perpendicular height,, approach at their lower 
flanks perhaps within two or three miles. 

The surface of the earth) as well sea as land> is occu- 
pied by innumerable individuals, constituting an immense 
variety of distinct species- of animated and inanimated 
beings, comprehended in three grand divisions of na- 
tural bodies, which have been cjinihatically called the 
^ i^three kingdom oi nature, viz. the mineral, the vei^ctable, 
and the animal kin'rdom. This division is no doubt of 
•*|^eat advant^g^i^l^c^ ^^j||^^«S>£^^^i^^ jV^^^^^ .> ^ ^. 
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if we consider this branch of knowledge with a chemical, 
eye, we must observe that this division has the inconve- 
nience of not including a variety of bodies, which, by 
their mass, and by their vast influence, act a very impor- 
tant part in the operations of nature, viz. light, caloric, 
the air of the atmosphere. The above grand divisions may 
nevertheless be followed by the chemist with advantage. 

The mineral kingdom consists of such substances as arc 
composed of panicky united, either without any regular 
form, or by accretion only* 

Vegetabks are all those organized bodies which dem^e . 
their existence, by seeds or odierwise, from a parent 

Sck. They grow by an enlargement of i>arto, hftve a cer* 
1 period of life or existence, and are attached to a parti* 
^ cular part of the soil, from which they derive the greatest 
part of their nourishment by superficial absorption only. 

Animals are all those self-moving, organized bodies, of 
which the human being forms one species. They*receive ^ 
their food in an internal cavity, constituting a stomach.' 

Minerals have growth only, but not always ; vegetables 
grow and live also ; but animals have sensation, as well as 
life and increase of magnitude. (^See Appendix No. 4.) 

Mineralogy is so nearly allied to chemistry, that it can- 
not well be understood without a previous knowledge of 
that science. Vegetables present a spectacle very inte* 
resting b)- its variety, and by its elegance ; but the philo- 
sophy of vegetation appears to be little diversified, and 
less understood. Some slight difference in the apparatus, 
by which the fruits and seeds are prepared for raulti- 
. plying the individuals of each species, have formed the 
basis of the very excellent ar^ficial system of iLinnseus* 
But the class cryptogamia is separated by a more natural 
distinctsont the preparation of the seed being less con- 
spicuous, and in some cases scarcely intelligible, though 
in others an analogy with more perfect vegetables is 
perceptible ; yet oil die whole the class appears, to form 
one of the connecting links between the three kingdoms* 
file hert>B, palms, shrubs, and trees, which constitute the 
numerous genera of flowering vegetables, exhibit tfap 
-^ greatest diversity in the forms aj^;<lispo8itions of the Or- 
leans of fructiiicatioa»/'*A]|d some of them i^dkcM^i ^P<^ 
particiUar irritation^ a 9ensib^|||jd|tf|g||^ 
tl)9 li|i|seti)ar motions of aiiiiQi|l4.. JPpP^SUi^eij 



getable may be considered^s a coageties i^ vessels^ in 
which^ by some unknown means the aqueous fluids, i%- 
bibe4 by the roots, are subjected to peculiar die'mi(5hl 'Na- 
tions, and exposed in the leaves to the influence of the 
light and air, so as to be rendered fit for becoming consti- 
tuent |5 arts of the plant, or o£. the p^uliar substauces con- 
tained in its various parts. 

• A considerable portion of the bulk of all animals is also 
composed of tubular vessels, which originate in a heart, 
propelling through the arteries, which also co-operate 
with it, either a colourless transparent fluid, or a red I jlood, 
into the extremities of the veins, through which it again 
returns to the origin of itb motion. Insects, and the 
vermes, or worms, have colourless juices, little warmer 
than the surrounding medium ; but insects have legs fur- 
nished vith jointSt and wdnqs at most bare nothing but 
simple tentacula in the place of legs* Fishes haW^eold 
red blood, which is exposed to the influence of die air 
dissolved in water, by means of their ^Us. The ampMbla 
receive the air into dieir lungs, but their blood ia like that 
«f fi^es ; and in both classes the heart has only two ca« 
vities, while that of animals with warm blood has four* 
Of these, the oviparous are birds, and are genersiUy co- 
vered with feathers ; the viviparous are either quadnip.. 
peds or cetaceous animab, and are furnished with organ^ 
for suckling their young. 

The more perfect animals are informed of the qualities 
of external objects by the senses of touch, taste, smell, 
hearing, and vision. A few quadrupeds are incapable of 
seeing. Insects appear to -w ant the organs of smell ; but 
it is not impossible that their antenucC may answer the 
purpose of hearing : in a particular stage of their exist- 
ence, most of their senses appear to be inactive. Many 
of the vermes are totally destitute of sight, and some of 
all the organs of sense. 

Ihe food, when received by the month, is subjected, 
in the more perfect animals, to mastication^ and then en- 
ters the stomach ; but in ruminating cattle it is first lodg- 
ed in a peculiar receptacle, and more completely maatK 
eated at leisure. In the stomach, it undergoes digestion, 
and being mixed with the bile and other juices, becomes 
iit Ibr the separation of the chyle by the absorbents of the 
Intestines. The chyle is thrown into the veins, and passes 
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, through the heart with the blood into the lungs, to be 
■ there mixed with it, and perhaps to be animalized ; while 
the blood receives from the air a supplv of oxygen, and 
emits some superfluous carbonic matter. Returning to 
the heart, the blood is distributed thence to every part 
of the system, supplying nourishment throughout, while 
the glands and arte ries secrete from it such fluids as are 
^ ' become redundant, and such as are required for particu- 
lar purposes. In these processes, heat is probably evolv- 
J ed. The muscles are furnished by the blood with a store 
^ ' of the unknown principle by which they are rendered ca- 
pable of contracting, for locomotion or for other purpo- 
ses, in obedience to the influence of the mind, transmit^ 
ted by the nerves ,* and the brain and nervous system in 
general are sustained by means of the vascular circulation, 
.in a fit state for transmitting the impressions on the sen- 
ses to the immediate seat of thought and memory in the 
'^'sensorium ; and for conveying the dictates of the mind, 
and of the will, to the muscular parts of the whole frame. 
In what manner these reciprocal impressions are trans- 
^ ^ mitted by the nerves, has never yet been determined : but 
it has long been conjectured, that the medium of commu- 
'. • nication may bear a considerable analogy to the electrical 
-►{f^agenc}- ; and late experiments appear to have added new 
t# weight to the opinion. Indeed nothing can be more fit 
to constitute a connecting link between material and im- 
material beings, than some modification of a fluid which 
certainly differs very considerablv in its essence from the 
^ common gross matter of the universe, and which perhaps 
* 'pervades without interruption, the expanse of immeasura- 
/'bie space. 

» When the knowledge of these various subjects was not 
*very extensive, all the known particulars could be easily 
arranged under the general title of natural philosophy ; 

' but the progress of civilization of man, and the unre- 
mitted attention which has been bestowed upon them, 
particularly within our own tirne, has increased the num- 
ber of useful discoveries to such a degree, as to render 
the capacity of one man inadequate to the comprehension 
of the whole stock of knowledge. Hence to chemistry 
is allotted the explanation of those changes or events that 
are effected in the component parts of bodies by their 
mutual action upon each other, and which are not accom- 
panied bv sensible motion. 
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NATURE OF SIMPLE BODIES. 

IN every age there have been certain substances con- 
bidered by the philosophers of the day as simple bodies 
or elements, of which every thing else has been suppos- 
-.cd to be compounded. But what have been enumerated 
by tlu philosophers of one age as elements, have been 
aiterwaidb proved by those of another to be compounds; 
and as the science of chemistry has been improved, we 
have discovered the of mpms analyzing or decomposing 
what was previously^ conceived to be simple. Thus wa- 
ter, and ahr, from time immemorhd to a ^eiy l«le date^ 
vtre aHowed hy all philosophers to be two of the ele- 
ments o£ nature : modem chemists have, however, de- 
composed both itttds,and detected with accuracy the in* 
gredients of which they are fi>rmedy and even the pro- 
portion in which these are cbmbiaed* 

For many ages past, earth, air» fire, and water, have 
tieen considered the four elements of which the ^obe 
we inhabit was formed. Chemistry now teaches, that 
Ihere are many kinds of earths, and many kinds of air, 
perfectly distinct from each other. It teaches that fire 
is a simple substance ; and that water is a compound. 

This premised, simple bodies consist of particles which 
cannot be further separated into others of a more simple 
nature, or reproduced by artificial means. The true cha- 
racter of them is immutabilily of properties, unity, and 
similarity. 

It does not follow from this that these bodies arc ab- 
solutely sizDpk } on the contrary, it is very possible that: 
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they arc compound. It cannot be doubted that, as the 
science advances towards prrfection, manv of th^m v/ill 
be found so. Very probably a new set of simple bodies 
will offer itself, of which we are at present ignorant. 
These again may perhaps be decomposed, till at last, 
V h< n the science has reached the highest degree of per- 
ft i tiou, those really elementary substances will come into 
view, of which all bodies are ultimately composed. 
Whenever this shall happen, the list of simple substances 
wiU probably be reduced to a much smaller number than 
at present; till this however does take place, we are en- 
tided to consider thmn as simple substances, according to 
dwpresent stsue of our knowledge* 

Their numbar amounts now to ^hy^ hicliiding those 
vnoonfinable agents called heat and light. 

They may be coatveniently airan^d in the following 
order* 



8BCT. JL 

V 

CLASSIPrCATION QF SIMPLE SUBSTANCES. 

DIVISION I. 
SIMPLE SUBSTANCES PRODUCIBLE BY ART. 

2 IHPOND£&A£LX SUBSTANCES. 

Light 
Caloric. 

. ?OM2>£ftAfiL£ SUBSTANCES. 

3 Comlfus^&ie boi&cs destitute of metallic properties. 

Sulphur 

Phosphorus 

Diamond. 
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28 Combustible bodieSf possessing metallic properties^ called 

METALS. 

Platina ' Cobalt 

Gold jjrf Uranium ' 

Silver T.' \ . Titanium 

Copper ^. Columbium** 

Iron _ v-tA,''; • Chrome 

Lead ticJ'^' Molybdena^ 

Tin * • Tungsten 5* * 

Zinc ^.•* .a; Arsenic ^'^ 

Mercury v.' "Tantalium 

Tellurium Cerium J 

Antimony Palladium \, 

Bismuth * Rhodium 

Manganese y. / Iridium " ' 

Nickel / -'^ Osmium. 

V « . > -4 * *' . V • 

INCOMBUSTIBLE BODIES. V 

6 EARTHS. ' 

• • Silex r . • 

• Alumina 

Glucine 
% Zircon 

Yttria ^; 

Magnesia. 



5 ALKALIES, 
Potash 

Soda • 
. ^ , . 1 . ^ Barvtes * 
'jA ■ • 'Strontia^ 

w. * Lime. > 



u * DIVISION II. 

6 SUBSTANCES NOT YET PRODUCIBLE BY 
ART, BUT ANALOGICALLY CONSIDER- 
. ^ ED AS SIMPLE. 

.'^if-^V- • Oxygen 
: • ' • , ' > Nitrogen 
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.. • . * ^/ Hydrogen ' "^^f. 

y . Muriatic radical 

. y • Fluoric radical ' " y 

v • Boracic radical. 

Such are the bodies which the corpuscular theory con- 
siders as simple, and to which chemical writers have giv- 
en the appellation of radicals. Some can only be exhi- 
bited to our view in their simple state ; others, on the 
contrary, have not yet been successfully exhibited experi- 
mentally, uninsulated. Their existence can nevi rtheless 
be inferred from the analog)^ of certain general and well- 
established facts. The impossibility of producing them 
arises no doubt from their great tendency to unite with 
other substances, and from the opportunity they meet 
with at every separation. 

./ h % > *. - 
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CHEMICAL ACTION. 



PART V. 



THE different actions which result from the proper 
application of the bodies enumerated before, when either 
in ft simple state or when combined together, are founded 
on certain agencies inherent in all matter. This we take 
for granted, and consider as a fact ; without pretending to 
explain hofv bodies came to be possessed of these, agen- 
cies, or how they are capable of exerting them. 

Philosophers therefore express the unknown causes 
which produce these changes, by the metaphors of at- 
traction and REPULSION. 

Before we attempt to give an explanation of these, 
terms, we shall endeavour to exemplify what is under- 
stood by chemkai adhn m general. We therefore flatter 
oaraehres Aat the following simple fieurts intended fi^r that 
purpose will not be deemed irivolous ; our chief object 
being to advance in tlua place some palpable^ positive, and 
negative proofs, which show, that whenever chemical op- 
tion takes placcy die properties of bodies become altered, 
and their hidividuality destroyed. 
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^ . SECT. I. 

INSTANCES OF CUEj^ICAL 4CTION. 

JBXP£RIN£NT I. 

L.ET a small portion of marble or chalk, reduced to 
powder, be diffused in a quantity of water, the marble 
presented to the water wiQ £U1 to iht fxitloiii of llie vet- 
sel and remaiii unallemL On shakmg up the whole, a 
white turbid mixture will be formedy but on letting it 
stand undisturbedf the nunhle will agab 611 to the bot* 
torn, and the supernatant fluid remain transparent and ' 
tmaltered* 

In thb case no diemical action has taken place, for nei- 
ther the properties of the marble nor the water are altered 
if examined chemically* 

ExPJlUlilENT II. 

If we let fall a lika quantity of marble or chalk into an* 
od^ fluid, called an acid ; for instance^ into vinegar, or 
nitric, muriatic^ or sulphuric acid ; the effect then will be 
different : a violent action will tnke place the instant they 
come into contact, the marble will gradually disappear in 
these fluids and become more or less disaolyedf and. a 
transparent solution will be obtained. 

In this case a chemica] action has taken place between 
the bodies brought into the sphere of action, for die pro- 
perties of both the substances can no longer be distui- 
guished, their appearances are uKn-e or less altered, and 
their tndividnality dsstro^red. 

Rem Aftx**-Chemical action is icciprocaU It camot be 
said that die acid acts on the asarhlay or die marUe on 
the acid ; convenience of espvssion has permitted the 
whole of the action to be attributed^ without miscoocep- 
tion> to one of the substancesy when the effect of the ac- 
tion is to be examined instead of the action itself; hence 
we say, \Mnegar acts upon marble, water acts upon salt, &c. 

It were to be wished that the action of different bodies 
Upon each other could be referred to a few general laws. 
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so as to be enabled to forctel beforehand the changes 
which would result, in every possible circumstance. This 
would save us the trouble of learning in detail an immense 
number of insulated facts, which at present are necessary 
* for the practice of the science. 

ESPXftiVXMT III. 

It is a well known fact, that if oil and water are added 
to each other they will not mix, because no sensible che- 
' miod action takes place between them under tuch clr- 
emnstances; but If we add to the oil and water a euffident 
quanti^ of another substance, called an alkali— for in- 
stance, potash or soda— the oil, the water^ and the alkali, ^ 
will then unite and £bnn a saponaceous compound^ which 
has a milky appearance, and renders water opaque. 

A chemical action has then taken place between them ; 
for the properties of the oil, the water, and the potash, 
arc lost, and a con^>Qund possessing new properties has 
been ionned* 

£XP£RIM£NT IV. 

If we put into a phial equal quantities of oil of turpen- 
' tine, hig^y rectified alcohol, and a concentrhted solution 
of carbonate of potash, and shake them together, no che- 
mical change takes place i the different fluids will ap- 
parently mix, but on suffering them to stand undisturbed, 
they will separate again, and arrange themselves into dis- 
tinct spherules. The heaviest fluid will sink with the 
greatest celerity, and they will place themselves over each 
other according to their specific gravities. Three differ- 
ent fluids which do iiot mi.\\ but constantly remain separate^ 
■ zvtii thus be contained in one phiaL In this instance, 
therefore! no chemical action takes place between the 
bodies presented to each otiier* 

' But u we bring the sanke substances into contact with 
others of a different nature, the case will be diffisrent, for 
violent chemical actions, wiU ensue under favourable cir- 
cumstances i for instance. 

Experiment V. 

4 

Jccmsionof ^ofturpeniine^bythe ajfu&ionqfnUrmiM acuL 

If we put into a tea«cup abdUt one tabk-spoonful of 
oil of turpentine, and add tp it double that quantity of 

« 
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very concentrated nitrous acid, a violent action takes 
place, and fire and flame wiU be produced. 
. RsmarkmoAs it ia our duty to point ouit jsucfa eiperi* • 
ments as may prove unsafe to those who never implied 
their hands to the practical part of chemistry, we must re<^ 
mark, that in performing this experiment care should be 
taken to avoid dangerous events ; ior the cup is sometimes 
shattered to pieces, and the mixture is thrown alx^tili' all 
directions to a considerable distance ; it is therefore ne* 
ccssai*\' to fasten the vessel containing the nitrous acid to 
the end of a long stick, in order that the operator may be 
at a distance when the accension takes place, which hap- 
pens the instant the acid comes into contact with the oil. 

EXPXAXUBNT VI* 

ProdiK tion of heat (sitffcienf to make water boif) by the 
inixlure of &uljj/iuric acid and alcohol or zoater. 

If half an ale-glassful of sulphuric acid of commerce 
be hastily mingled with half that quantity of alcohol or 
water, the mixture instantly becomes so hot as to render 
the glass insupportable to the hands. A small quantity of 
water contained in a thin glass tube may be msuie tp boi|f 
when immersed in it for a few minutes only. 

REMARik.... Great caution is likewise necessary in mak- 
ing this experiment, lest the glasss hhoulci crac k from the 
sudden heat, and throw the mixture about, to the mani- 
fest danger of the operator. The safest method is to 
mix the two fluids gradually ; by this means the heat is 
produced slowly; whereas if both fiiuds are at once 
mingled together, the heat is almost instantaneous, aiid 
rises conslde^rably above that of boiling water. 

' Experiment VII* 

Production of Suiphate of Potaslu 

If a concentrated solution, of carbonate of potash, be 
mingled with sulphuric acid, the two fluids unite, a very 
brisk clFcrvesccnce takes place, and a solid masj> ui isalt 
(sulphate of potash) will be produced. 

These experiments, which shall be mure fully consi- 
dered hereafter, ai'e merely advanced tp prove that the 
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* individuality of different substances becomes destroyed, 
that is to say, that a chemical action takes pLace when 
they are presented to each other under such circumstan- 
dbi ts experience haa taujgfrt us aze necemry to produce 

t attch'«flect8« The eonditioiu, fjit artificial arrangements 
mp^paislte for diat purpose, resolve ihemaehrea into die 
geneaal'ttferaiions ofdiendstiy* 
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PART VI. 



THE terms attraction and repubimii la the language 
of modem philosophers, are employed merely aa^ the ez-^ 
pression of the general facts, that the masses or |KUticle8 

of matter have a tendency to approach to, or to recede 
from, one another, and to unite to, or repel, each other^ 
under certain circumstances. Hence the following 

AXIOM OF ATTRACTION. 

All bodies whatever haye.a tendency or power to at-] 
tract each other more' or less ; they search at it were, and 
make efforts, when left to thenudlTe^ to approach one 
another in order to unite, or to com6 into apparent con- 
tact. This energy is called the power or attr actiok. 

This attraction is mutual ; it extends to indefinite dis- 
tances. All bodies whatever, as well as their component 
clenientai v particles, arc- endued witfi it. It is not anni- 
hilated, at how great a distance soever v. e suppose them 
to be placed from each other ; neither does it disaj^ear, 
though they be arranged ever so near each other. 

The nature of this reciprocal attraction, or at least the 
cause vvliich produccii ity is altogether unknown to us. 
Whether it be inherent in all matter, or whether it be 
the consequence of some other agenti are qnestfoos be<* 
y<Nid the reach of human understanding ; because we 
have no means of deciding the point, we aA absolutely 
unable to j udge of the simplici^ of Nattn«« We liave but 
a few imperfect glimpses here and there ; and Irom the 
few points which we see and understai^dy we are not able 
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•to fonn pilausible conjectures concerning the whole imr 

chinery by which her operations are carried on. Superior 
beings perhaps smile at our theories, as we smile on the 
reasoning of a child ; and were the veil with which her 
operations are covered suddenly withdrawn, we ourselves 
in all probability would be equally astonished and con- 
founded at the wide difference between our theories and 
the. real power by which the machinery of the uoiverae is 
goven^d* 

S£CT. L 

PROOFS OF THE ENERGY OF ATTRACTION* 

THAT the power of attraction really exists is obvi- 
ous from the slightest view of the phenomena of nature. 
It is proved with mathematical certainty that the celestial 
bodies, which constitute the solar system, are urged to- 
wards each other by a force which preserves them in their 
orbits. It is further proved beyond any doubt^ that this 
planetary attraction is possessed not only by the heavenly 
bodies as wholes, but that it also extends to the smaller 
particles of which they are formed, as may be evinced by 
means of the following experiments : 

ESFBRXMEMT I* 

If we place two or more globules of mercury on a dry 
glass or earthen plate, and push them gently towards each 
othery the globules will attract each other, and form one 
■M88 or sphere, greater in bulk, but precisely the same in 
mtnre* 

EXF£RIM£NT II. 

If a plate of clean glass, perfectly dry, be laid on a 
large globule of mercury, the globule, notwithstanding the 
pressure applied to it, continues to preserve its spherical 
form ; if we gradually charge the plate with weights care- 
fully, the globule will be depressed and become thinner 
and thinner ; but if we again remove the weights from the 
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plate, the mercury will instantly recover .ilB 'globular' ^ 
figure, and push up the glass before it. 

In both these experiments we see that there exists an 
attraction between the particles of mercury ; in the first, 
the globules which are in contact with the plate of glass, 
leave this substance completely, they attract each other, 
and form a sphere greater in bulk. A mere inert fluid 
would 19 any ca3e retain the figure it once possessed. It 
oo«U not be endudl with a lobular form imlesa a real 
reeiprocal attractum among its particles took place, which 
in At ktter experiment is atiU more atrldng, for it thpre 
is not^ only siq)erior to gravitation^ but actually over- 
comes 'an exter^ force* 

^ * ExPBRIKfiNT IIL 

If a glass tube of a fine bore be immersed in water, 
contained in any vessel, the fluid will ascend to a certain 
height within the tube above its level, and its elevation in 
several tubes of diffimit sizes uriU be reciprocally as the 
diameter of tiieir bores* 

This kind of attraction, which takes place as well i|i 
• vacuo as in the open air, has been caUedcapiUnry attraction. 
It is tlus attraction which causes water to rise in sponge, 
doth, sugar, sand, &c. for all these substances may be 
considered as fine tubes in which the fluid ascends. 

RxiiARK.MThe ascension of fluids in glass tubes of a 
fine bore succeeds best when the inside of the tube has been 
previouslv moisteried, which may conveniently be done 
by blowing through it with the mouth. And if the water 
be coloured with a little red or black ink its ascension will 
be more obvious, particularly if the tube be held against 
a sheet of white paper. ' * 

£xPfiatH£NT IV. 

If two plates of glass, previously wetted, be made to 
meet on one side, and be kept open at the other, at a small 
distance^ by the interposition oi a shilling, or any other 
thin substance, and then imrmersed in water, the fluid will 
ascend between the two plates unequally. Its upper sur* 
£ice will form a curve, in which the heights of the several 
points above the surface of the fluid will be to one another 
reciprocally^ as their peipendicular distance from the line 
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in "wliich the plates meet. The ratio of this attraction is, 
therefore, as the squares of the increments with which 
the plates open. 

Here, then, we have two other instances that an attrac- 
tion prevails amour': the pnrticlrs of bodies. For in both 
cases part of the fluid has left the contiguous mass, con- 
trary to the laws of gravitation. It is drawn up, as if 
^ipr^ or attracted, by the tube or pla^ of glass. . 

ExjpsllIMENT V. 

Tf we immerse a piece of tin, lead, bismuth, silver, or 
fjnld, in mercury, and draw it out ag-ain immediately, ihe 
inercury will- attract the metal, and the latter will carry 
.with it a portion of the former, which ^vill stick to it soB' 
obstinately as to be inseparable by inere friction. 

1 Theie exists, therefore, an attraction between the 4*?- 
fih'ent metals brought in contact with each other. 

• * £xPERIX£irT VL 

If we let f;»ll into water a lump of sugar or salt, the 
particles of tlie water* attract those of the sugar with a 
greater force than the last particles attract each other ; « 
they are therefore gradually carried ofl by the water, tliat 
is to. say, the sugar is gradually dissolved. 

Th* particles of the solid thosdissolved, are each of them 
stupFOumled and combine^, with a certam nomber of the. 
• panicles of (fte fluid ; hence they must he arranged in the 
^gmd Tj^ re§;ular order, and at r^lar ^stances from each* 

EkPEBIMfMT VII. 

If a small stick be dipped in water, or any other fluid, 
and dsawn out again, a drop will be found hangmg at the 
en<f *of it in a spherical form. The drop is spherical, be- 
cause eacii particle of the fluid exerts an equal force in 
^ery direction, drawii^ other pardcles towards it on 
every side as far as its power extends. 

Thus the very formation of drops obviously demon- 
strates that there must exist a cause which produces that 
' efltet. TH!s cannot be gravity^ for» agreeable to experi- 
ence, that is rather an obstacle to the formation of drops ; 
since, by the weight of the particles* large globules test" 

VOL* I. $ 



Digitized by Google 



I 



a» Fro^s oj[ the Mt^rgy 4^ Attmoilmi, 

■ ing on solid bodies are flattenedy and their regular spheri- 
cal rorm prevented. 

To explain this phenomenon there remains only the 
power of attraction, acting between the particles of the , 

« liquid body ; for if it is supposed that the particles of a 
substance reciprocal!) aiu at i caeli other with equal tVtrce, 
s^d their aptitude for being moved upon one another be 
great enough to overcome any impediment to their mo- 
tia%f it foliowsy by the principles of mechaBica, that%i6 
equilibrium of the attractive forces can only take place 
when the mass has received a globular fonn« 

Hence it is that all liquid bodies assume s spherical 
figure when suilered to fall througlf the air^ or fbmi dropsMT 
Whether the attractions of gravitation, OP" magndl!sin,«» 
electricity, aid of cohesion, be or be not emisidered as >- 
essentially the same, is not our business to consider hens 
circumstantially; there is difference enough between them 
to allow a very accurate examination of each. We merel/ 
consider attraction as an unknown power, by which 
all bodice nre iir^^ed towards each other as an ng^cnt, whicK ^ 
acts constantly and luiifonnly in nil times and jjlaccs, and* 
which is always diminishing the distances between bodies.- 
It is obvious that the distances of bodies are of two kinds^ 
citiier sensible or insensible ; c onsequenth' the changes pro- 
<luced by attraction must be either sensible or insensible. 
Hence the attraction of bodies naturally divides itself into 
two classes; those wliichact at sensible distances, and 
those which act at insensible distances. The attractions be- . ^ 
longing to the first class must be as numerous as there are 
bodies situated at sensible distances i but it has bien as* 
certsuned that they may be all reduced to three different 
heads, viz, gravilation^ eiectrici^, and magnedsm. The 
first belongs to all matter, and'therefore !s universal : the 
other two are only partial, or confined to certain a«Cs of 
bodies. The first extends to the greatest distances to 
which bodies are placed firom each other : how far etec- 
tricity extends, has not been ascertained. Magnetism ex- 
tends, at least, as far as the semi-diameter of the earth* 
All bodies possess gravit}^ ; and it is supposed that the two 
other attractions are confined to certain subtile fluids 
which constitute a part of all those bodies which'exhibit 
the attractions of electricity and magnetism. This may 
be so, but it has not and scarcely can be demonstrated* 
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THOtJGH we are unable to disQpver the cause of the 
mutual attraction, experience has proved to us that this 
agency follows certain conditions or laws ; for similar 
phenomena always present themselves whenever the cir- 
cumstances of experiment are the same. 

Obst t V ation has taught us that the particles of bodies 
are oi two kinds, either homogeneous or lieterogeneous. 
By homogeneous particles, chemists imderstand particles 
composed of the same bcxly ; thus all particles of sulphur^ 
8cc« are iiomogene^ particles* By heterogeneous paiv 
tides, chemists mean particles which compose different 
bodies ; thus a particle of sulphur and a pardcle of mer- 



. In the early periods, when chemists perceived that the 
force here considered opposed their operations, being ha* 
bituated to e^lain the effects they observed by certain 

relations, or analogies, which they supposed to exist be- 
tween bodies, they gave different appellations, to express 
this agency, The first agency is still called by physical 
writers corpuscular attraction, or attraction of aggrega- 
tion ; molecular atff action : attroction of co/iesiotiy or the 
cohtsioe power, 

, The latter is termed chemical attraction^ elective attrac- 
tioriy chemical affinity or affinity of compoaitioru But be- 
fore we consider tHs subject any further, we shall givjp 
an idea of what has been cdled repulnon* 
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IT was mentioned before (page 54) that all matter pos- 
sesses, besides attraction, aiifjiher power which is in con- 
stant opposition to the iurmcr. i'his agency, winch is 
equally powerful and equally obvious, acts an important 
part in the phenomena of nature* and is called thv power 
of repulsion. It is not less interesting to the chemical 
philosopher, than the powers of attraction* 

AXIOM OF REPULSION. 

All bodies are endowed with a certain power, whose 
constant tendency is to oppose their approach towards 
each other, 'or to remove the particles of matter to a 
greater distance. 

SECT^ I. 

PROOFS OF THE ENERGY Ol* REPULSION. 

THAT there exists a force which opposes the approach 
6r bodies towards each other is evident irom numberless 
facts. 

Newton has shown that when a convex lens is put upon 
a flat glass, it remains at a distance of the -fir P^rt oi an 
inchy and a very considerable pressure is required to dimi- 
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nish this distance ; nor does any force which can be ap- 
plied bring them into actual mathematical contact ; a 
force may indeed be applied sufficient to break the glasses 
into pieces, but it may be demonstrated that it does not 
dimiiush their distance much beyond the ^^'^^ part of an 
inch. There is, therefore, a repulsive force, which pre- 
vents the two glasses from touctungeach other. 

There exists, therefore, a repukion between bodies ; 
• this repulsion tal^es place while uiey are yet at a distance 
from each other ; and it opposes their approach towards 
each other. 

The cause, or the nature, of this force is equally in* 
scrutable with that of attraction^ but its existence is un- 
doubted ; it increases, so far as has been ascertained, in- 
versely as the square of the distance, consequendy at the 
point of contact it is infinite. 

The following experiments will serve to prove the 
. energy of repulsion more fully. 

£XP£RIM£NT Im 

Wehaveseen (Experiment III. p. 56) that when a glass 
tube is immersed in water, the fluid is attracted by the 
glass and drawn up into die tube ; but if we substitute 
mercury instead of water we shall find a different effect* 
If a glass tube of a large bore be immersed in this fluid 
it does not rise, but the surface of the mercury is consi* 
derably below the level of that which surrounds it. 

In this case, therefore, a repulsion takes place between 
' the j^s and the mercury, which is even considerably 
greater than the attraction existing between the particles 
of the mercury, and hence the latter cannot rise in the 
tabe, but is Irepelled, and becomes depressed. • 

Experiment II. 

When we present the north pole of a magnet^ A, to the 
same pole of another magnet, B, suspended on a pivot> 
and at liberty to move, the magnet B will recede as the 
other approaches ; and by following it with A, at a pro- 
per distance, it may be made to turn round dn its pivot 
with considerable velocity. 

In this case there is evidently some agency which op-« 
^ses the approach of the north pples of A and B, which 
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acts as an antaj^onist, and causes the moveable magnet to 
retire before the other. There is, therefore, a repulsion 
between the two magnets, a repulsion which increased 
with the power of the magnets ; which may be made so 
great) that all the force of a strong man is insuflicient to- 
make the two north poles touch each other* The same 
repuldon is equally obvious in ekctrical bodies ; fiMr in- 
stance, 

£XPERIMBNT IIL 

If two small cork balls be suspended from u body w ith 
silk tlirc ads so na to tourh one another, and il we charge 
the body in the usual manner with elcctricitv, the two cork 
balls separate from each other, and stand at a distance pro- 
portional to the quantity of electricity with which the 
body is charged ; the balls, of course* repel each other* 

Experiment IV. 

If we rub over the surface of a sheet of paper the fine 
dust of l3rcopodium or puiF-baU, and then let water fall <m 

it in small quantities, the water wiH instantly be repelled, 
and form itself into distinct drops which do not touch the 
lycopodium, but roll over it with uncommon rapidity. 
That the drops do not touch the lycopodium, but are 
actually kept at a distance above it, is obvious from the 
copious reflection of white light. 

EZPSRIHENT V. 

If the surface of water contained in a basin be covered 
over with lycopodium, a solid substance deposited at the 
bottom of the fluid may be taken out of it with the hand 
without wetting it. In this case the repulsion is so pow- 
erful as to defend the hand completely from the contact of 
the fluid. 

INFERENCES. 

The various substances which compose the globe are 
therefore subject on the one hand to a general law which 
tends to unite them together, and on the other hand to 
another agent which tends to disunite, <n- to remove them 
to a greater distance. Hence it is impossible to produce 
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any change whatever in bodies without interrupting these 
respective agencies. 

The great business of the chemist is to examine the 
changes arising from these agencies, and to trace the laws 
by which they are regulated. In doing this he investi- 
gates the operations of nature, and endeavours to point 
out their dependenckft on one another* For that pur- 
pose he places dtfierent boifies in contact with each other 
under a diversi^ of circumstancest and observes the 
phenomena which accompany iheur action. He endea- 
vours to trace the conditions under which they are pro- 
duced, and examines the properties of the new com- 
pounds ; thus making them subservient to the improve- 
ment of the arts, and rendering them the ministers of our 
necessities* comforts, and enjoymentr. (^ee Appen^x 
No. S.) 
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ATTRACTION OF AGGREGATION. 



PART VIII. 



CORPUSCULAR attraction, or attraetion of cohe- 
sion or aggi\ gation, is that power by nkeans of which the ^ 
similar particles of bodies attract each other and bqcome 
united into one mass, without clianging, in the least, t|ie 

chemical properties they possessed before their union. 
The bodies may be in a solid, Huid, or aeriform state. 

Corpuscular attraction is diB'erent in diffident bodies. 
It is always in an inverse ratio to the. power of repulsion, 
Or the quanttt\ of caloric interposed between the parti«l|s 
of the acting bodies. 

It hecoines obvious from this, that the agency of cor- 
puscular attraction consists in a mere successive and con- 
stant accunuiluiion of similar particles into one mass ; and 
that it produces adherence of surface, or apparent contact 
in the ratio of the surfaces. 

This force is iiiherent in all the pardcles of all bodies 
(caloric and light perhaps excepted) we never find th* 
particles of bodies in a detached state, but constantly in 
masses of greater or smaller magnitude, made up <9 an' 
indefinite number of particles united togetl^r by viifue 
of the forcft of cohesion. ' , \, :^ - 
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secT. I. 

INSTANCES OF CORPUSCULAR 
ATTRACTION. 

THE simplest case of the exertion of corpuscular at* 
traction is that where two bodies, placed in mutual ccm* 
tact with each other, fbrm a direct union, without chang- 
ing their chemical properdes. 

* Experiment L 

If different particles of sulphur be melted together, they 
form an unilorm mass or whole, the particles of which 
are held together by virtue oi the power of corpuscular 
attraction? but the properties of the body are not altered. . 

The same effect takes place when pieces of the same 
metal, or particles of resin, wax, ^c. are united in a simi- 
lar manner. 

Innumerable other instances might be advanced, were 
not the subject obvious to every one. 

MEASUREMENT OF CORPUSCULAR 
ATTRACTION. 

The force of corpuscular attraction in solid bodUes may- 
be measiued by the Ibrce or weight necessary to demolish 
it« ThuS) if a rod of metal, glass, wood, &c. be suspend- 
ed in a perpendicular direction, and weights be attached . 

to its lower extremity, till the rod is broken by them, 
weight attached to the rod just before it broke is the meo^ 
sure of the cohesive force of the rod. 

It is also expressed hy comparing it with other bodies : 
thus It is said that a» ruby is softer than a diamond, but 
harder than the hardest steel, because with it the steel 
may be scratclied, but not the diamond. 

Various experiments liavc been instituted for the pur- 
pose of determining the force requisite to disunite sohds 
from contiguous fluids, to disunite solids from contiguous - 
solids, and to break or to disunite the continuity of a 
given solid. But the circumsttmces of teittperal^iei purity 
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of the bodies^ equality of size, surface, &c. render such 
experiments subject to a considerable uncertainty. {See 

It has been found that wire%iOf the following metals, 
'drawn through the same hole, one tenth of an inch in di- 
ameter; and fastened with one end to a hook, whilst 
weights were suspended' to the other extremity, could not 
be broken by any force less than the annexed weights. 
Lead 29 n 



Tin 49i 

Copper 299I 

Brass ^0 ^pounds. 

Silver ........ 370 

Iron 450 

Gold 500 ^ 



SECT. n. 

GENERAL LAWS OF CORPUSCULAR 
ATTRACTION. 

Law L... The agency of corpuscular aUraction acts only at 
insensible distances; its force increasj^so^ the ^stance 
of the bodies presented to^ach other decreases, and as 
the surfaces of apparent contact are more numerous* 

£XP£&IM£NT L 

If from each of two leaden bullets .1 piece be cutoff 
with a sharp knife, and if then the two^ bullets be pressed 
with their iat bright surfaces against each other (giving 
them a little twist) they will be found to adhere 60 firmly 
to each other, that sometimes the weight of fift^ pounds 
will hardly be sufficient to separate them* When sepa- 
rated, a considerable degree of roughness will be found on 
their surfaces. • 

The adhesioi^iof the two bullets is certainly not owing 
to the pressure of the surrounding medium ; for in the 
first place the pressure of the atmosphere is by no means 
so great as to produce thut de^rrce of adhesion between 
such small surfaces ; and, in the second place, the two 
bullets tlius prepared are found to adhere as firmly ia va- 
cuo as they do in air. 
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Experiment XL 

For similar reaf?ons, two plates of glass wetted with a 

little water, to fill up their inequalities, v/hen laid toge- 
ther, will cohere ; and two pieces of m.^i-Mc or brass, hav- 
ing each a flat, smooth, and well polished surface, hen 
moistened and slipped upon eacKother, with a gentle pres- 
sure, will unite, and a considerable force is required to 
separate them. Ikit if the two substances placed togeth- 
er be not siiiriciently snaooth or polished, it will be in vain 
to try to cause them to adhere together ; for this reason, 
that the particles touch each other only in a few points : 
whereas, on the contrary, the particles of the former flat 
and smooth surfaces toudi each other in many pomts* 
It. has been noticed, that a silk- worm's thread can be ti^o 
terposed, but not two* 

£jlP£aiMENT IIL 

« 

If two brass polished and perfecdy flat sur&ces, abou| 
three inches in diameter, be rubbed over with grease, and 
put together in a pretty hot state, they will, when cold, 
adhere to each other so firmly, as to require neatly five 
hundred pounds weight to disunite them. 

It must be observed, however, that in these cases where 
something is interposed between the two surfaces, the ad- 
hesion seems to take place not between die surfaces of the 
two solids so much as between each of those surfaces 
and the interposed substance : for, in the first place, it 
^ seems strange that two surfaces should have a greater at- 
traction to each other, when something is interposed, 
than otherwise ; and, secondly, it has been found that the 
degree oi cohesion differs, according as different substan- 
ces are interposed between the very substances of |he 
same solids. 

It is on this account that carpentei s, when they intend 
to glue pieces of wood together, plane the surfaces per- 
fectly smooth, befim they apply the glue; and thatHie\« 
surfaces of metals are scraped dean before diey ai« sol^ 
dered, &c« . . * 

Hence the corpuscplar attraction always vaniA^s when; 
ever the distance is measuraU^, and becontes exfe^Singly 
great whenever 'the- distance is exctejUngty'-diminished ; 
.but the particular rate which dits power follows is stiu 
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unknown, as we have no method of measuring either the 
distance at \\ hich it acts or its relative intensity. 

The force of gravity dt ci eases inversely as the iiquaics 
of the distance* But tlie attractioa of coiiesion decreases 
SHich fittter : £sr instance, if a force of a thousand pounds 
weight be required to break a certain solid, and if then* 
the oroiten |iarts be placed contiguous to each other, and 
so closely that the eye cannot disceni^ the fracture, it will 
be found that they may be separated with the utmost 
facility, 

(«Aw ll,.,.Corfiuscuhr attraction acts differ enth^ in differ- 
ent bodies ; according" to the degree of force with which 
it nets betiveen the particles of matter^ the bo^Hes appear 
under different forms* 

t. It Is on this account that rock-cr%'stn!, flint, diamond 
and various other precious stoiics, are cxircmcly hard ; 
for the corpuscular attraction unites the particles of these 
bodies with a great degree of fiKtre. Hence a constdera-' 
ble mechanical e£R>rt is necessary to disunite them^ " * 

in blocks of marble, chalk, iime-^ttmey &c* the par- 
ticles are held together with a force considerably less, in 
these bodies it prevents all selative motion among the par- 
ticles themselves, and hence the motion of one particle is 
followed by the motion of the whole mass ; or if that ia 
impossibley the cohesion is destroyed altogether, and the 

piece breaks. 

3. The intiegrant parts ot wax, tallow, suet, or lard, 
may be made to change their situations, wiUi a ^ess.dcgrec 
of force tlian tlie former. • 

Every genus of those aggregations comprehends a 
great number of s[)ecit-s or degrees of solidity, softness, 
and liquidity. 

In these substances the motion of one particle of the 
body is liot necessarily fallowed hy that all the rest ; i 
* ^^^leg does that motion destroy the cohesion, nor break 

" 4f* The particles of water, spirit, and ether, move or 
^ §li|le over each other very readily ; hence their resistance 
is considerably^le^s. . - 

5. Arid hm , vapours, the air of the atmosphere, and 
all the gaaesf yield to tJie sBghldyt possible impulse. 

i 
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I«AW m,;,Corpusatiar attraction may be annihilated by 
every effort which tends to separate the particUe of 
hodies* 

This law has, in truth, no relation to nny chemical 
principle, but that of the destruction of a?yj^regation. It 
is easy to imagine, that \\\ order to produce this last effect 
notliing else is required to be done but to appl)' force 
greater ^an liie agency of aggregation* 

It need hardly be menUoaed ^at all mechanical forces^ 
such as grinding, cutting, filing, rasping, pounding, break- 
ing, &a are of this nature* 

III aU these cases, the power iqiplied must be more than 
equal to the force of corpuscular attraction ; and as it was 
stated before that the corpuscular attraction acts wiUi dif- 
ferent degrees of energy between the particles of different 
bodies, so different degpr ccs of force are necessary to de- 
stroy that corpuscular attraction in ciilfLi ent bodies. 

The art of chemistry, in the different means it employs 
to demolish die aggregation of bodies, iias really for its 
objects to cause these bodies to pass from the state of phy- 
sical subjects (that is to say, subjects of which the me- 
chanical philosophy can ascertain their properucs) to that 
of chemical subjects, on wfikh this science, may be consi- 
dered as no longer operating. 
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PART IX. 



CHEMICAL AFFINITY. 

AFFINITY of composition, or chemical affinity, is that 
power, by means of which the particles of bodies, whe- 
ther simple or aompound, attract each other so intimately 
as to produce an uniform whole, totally inseparable by 
^ mechanical efforts, and whose characteristic properties 
are often different, and sometimes contrary to those of 
its constituent parts. • 

It is obvious from this, that the parti rles of those bo- . 
dies which are uniu cl 1)V virtue of cheniical affinity form 
not a mere aggregate, but an entirely new body, which can 
only be altered bv tiie action of another chemical power. 

In considering liiis kind ui affinity, it will be necessa- 
ry to state, 

. In what manner.it takes place between the particles of 
different bodies ; 

In what proportion they are capable of combining ; 

Under what conditions ; 

With what degree of force thcy unite ; 

And what takes place when a variety of different sub* 
stances are made to act upon each other at the same time, 
under certain'circamstances and in different proportions; 
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Hence affinity of composition is of greater iniportanco 
than corpuscular attraction, or affinity of aggregation, for 
it takes place in all the complex operatioiia of dieiiustiy* 
These topics will form the subject of the foUowing sec^ 
tions. 

SECT, n: 

INSTANCES OF CH£MICAL AFFINITY. 

To prove that chemical aiEnity acts differently irom 
attraction of aggregation ; that it takes place between the 

ultimate constituent parts of bodies ; and that it produ- 
ces substances possessinj^ properties frequently ver\ dif- 
ferent, and sometimes contrary, to those of the coii;s>titUCilt 
parts } the following experiments may serve* 

. £xP£itIM£NT L 

Formation of sulphuret oj mercury* | 

Put into a crucible, placed in a coal fire, equal parts by 
weight of sulphur and mercury; stir the two^ substances 
together for a few minutes, ifiid wheh 'the sulphur 13 
melted pour the contents out on a marole slab, or piece 
of glass previously 'Warmed and gi^sedt 

The substance obtained by this means is a auiphuret of 
mercury^ in which the mercuiy and sulphur are united 
by virtue of chemical affinitjr : for the compound has nei- 
ther the colour, the splendour, the inflammability, the 
volatility, nor the specific gravity^ of either of its consti- 
tuent parts ; nor can the sulphur and mercury be separat- 
ed by mechanical means : diey are therefore chemically 
united. 

£xPERIMfiNT IL 

Two inaUeable and ductile metaU form a brittle aUoy, 

If wc melt together two very mallenble and ductile me- 
tals—for instance, tin and iron — iu equal qu:intities, the 
compound produced wiU have tot^y lost the properties 
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\vh\ch it*; constituent parts possessed before their union ; 
for the alloy formed will be a brittle metal, which may 
easily be broken with the blow of a hammer* 

£xPBl.IM£lfT III. 

Bbie fimdM Became dumged hao red or green^ green onu 
into crimson or purpky &c. 

Put two or three tea-spoont uls of an aqueous infiiRioii 
of red cabbage, or syrup of vioiets, into a wine-gli^ss of 
water ; mix it well and put half the mixture luU) another 
glass. Bv addin]^ a few drops of sulphuric acid to one 
of the glasses, and stirring it, the blue will be changed to 
a crimson ; and by adding an alkali, for instance potash, 
to the other glass, the blue fluid will be changed into a 
green* 

If we drop carefully down the sides of the glass into 
the green obtained in this experiment a few drops of sul- 
phuric acid, crimson will be perceived at the bottom, pnr« 
pie in the middle, and green at the top. On adding a * 
little alicali to the other ^a8S» containing the crimson, 
these colours will appear in an inverted order* 

» 

ExFsitmEiiT IV. 

Two inodorous bodies evoh/e a very pungent smelting gas* 

{Production of tmmonta,) 

When equal parts of muriate of ammonia and slaked 
limCy both sul)st:mces destitute of odour, are intimately 
blended in a stone mortar, a very pungent gas (ammonia) 
becomes evolved. 

Experiment V. 

Tivo odorous and pungent bodies produce a compound^ 

destitute of odour* 

{Formation of muriute of ammomih) 

Water impregnated with anunonia and concentrated 
muriatic acid, both fluids of a strong odour, when mixed 
together in proper proportions, instantly lose their odour, 
and form a fluid void of smell (muriate of ammonia*) 
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>• ' * Experiment VI. - 

» • .* ■ 

< Tw Jitud bodies produce a solid when mingled together* 
(Fafmaiion of sulphate of Rme,) 

- •"dliito a saturated solution of muriate of lime let fait 
gradually ooncentrated sulphuric acid ; a ^[uantiiy of pun- 
«g«t|i[t vapour will become disengaged (muriatic acid gas) 
' aiid from the two fluids will thus be produced an almost 
solid compound, cidled sldphate of lime. 



* 4. ElLPZRIMENT VII* 

. . : \ Two,9oUd ^diee produce a fimd by mere mixture* 

Let equal parts of fresh crystallized acetite of lead and' 
acidulous sulphate of alumine and potash be rubbed to- 
gether intimately in a sto^e mortar ; the saline mixture 

*wlll, ^oqn become 'soft, and lastly fluid. 

A Hli€ eflect is produced by treating in a similar man- 
b^iHeqjial parts, of ciystalln&ed nitratp of ammonia and 

' sulphate of soda* 
V A '^td alloy of merony and bismuth, and another 
composed /sf lead and mercury, cyi being triturated* to- 

' Sethei; ia|tantly became fluid. ' . t ' ' ^ 

]|jM(>vidus from«thb> that when chemical combina- 

' tio^mkes pl^, the compound which is formed does not 
posses^Tproperties merely intt^rmediate between those of 
its component parts, but has acquired others more or less 
new. This, however, does not hold good in all cases. 
There arc various combinations ia wh^ch. |he.properties 
of bodies are only slightly altered. . 7 s. ^ 

: G£:pf£IiAL LAWS pF,^£MICAL AFFINITY, 

Observation has shown that affinity of composition 
offers certain invariable phenomena, which being found- 
ed on a great number of facts, are regarded by che- 
mists as laws, and may be redug^d. ujiidcr the following 
head^: v — . • ^ 
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Law h'-^^^hemkaliffimiy cm exert its acHmBett^ttna 
number of bodSet^ simme orcothpound^anduni^ themehe* 
mkaUy into one whote* 

Law ll^The efficacy of chemical e^kuty ioiaan t«- 
o«r«e ratio to that of wrpuecular attraction. 

Law TAtf agency of chemical affinity is influenc- 

ed by temperature t its action is either acceleratedy retard- 
ed^ prevented^^or rendered efficacious* ' ' * # • • 

Law IV. — Chetnicnl affinity is accompanied by a change ^ . . • 
if temperature at the instant of its action, \ ' 

Law V. — The agency of chemical affinity existing be- . * , 
tween tivo or more bodies may lie dormant^ until it is called 
into action by the interposition of ajiother body which fre- * % 
quently exerts no energy upon any of them in a separq^e ^ ' » ' 
state* • \ 

ZbAw W^Therado the energy (f chemical affinity ^ 
ac^ng between varioua bodies is iBfferent in dijferent et^ \ - i ^ 
stances* • • . ' y , 

Law Vll^The agency qf chemical qffimty ts either ' * - 
Ijtmited or imlimited in certain bodies ; in other wordsy ^lftf-^ |. 
micai affinity is capable of uniting bodies in defiitke or in ' * 
indefinite proportions. • ' 



Law \lll*^The energy of the chemical affinity of dif • . 



ferent bodies is modified in proportion to the potiflerabk ' ^ ' rMx 
quantities qf the bodies placed within the spher^ jf actioti, x< " Vv 

Suchase ths leaditag laws which regelate the affinity^'* 
of composition ; th^j^ may^^ demdhstrated by mefel^ / ' 



the IbUowing^expenmeats. ^ 
£XF£|k|M£9rrjU OF 



EAmNify: 



Law:Ln#<3$«iim^ affinity can exen it^d^n bMfeen a 
j*tiiw6^ of bodiesi^e&nple opcompeundi'aAdnfllmthem 

f^dmsmikt^ u ^ 

^ PROOFS OF LA)V L ; . 

There are an infinite variety of compounds, consist- 
ing of three, four, five, or more simple substances in 
Xiature ; and art can also effect combina^ons in which 
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there are many simple bodies cheuiicaily united into one 
whole* 

It frecpiently happens that various separate bodies pre- 
sented to each other in a fluid, unite and form a single 
mass, which possesses all the characters of an homogene- 
ous compoundy and which retains these characters ^ its 
composition has been altered by chemical means* 

A considerable number of triple salts are known, which 
consist of three different substances ; for instance, the 
common alum of commerce consists of sulphuric acid 
united to alumine and potash or soda. The salt formerly 
called microcosmic salt, or phosphate of soda and ammo« 
nia, consists of phosphoric acid united to soda and ammo- 
nia, &c. When the ox^-genated muriate of mercury is 
precipitated by the precise quantity of carbonate of soda 
which is requisite to effect its decomposition, the precipi- 
tate obtained contains muriatic teid, carbonic acid, and 
oxyd of mercuiy in excess. 

It is a well known fact, that two, three, or more metals 
may be fused together so as to produce compounds whotfet 
properties are widely difierent from those of the consti* 
tuent parts* 

£ZPSEIXBNT I* 



Ftuibk iUhys which meU in boiUng^ xvaUr* 

Melt together, in an iron ladle or crucible, eight parts 
of bismuth, five of lead, and three of tin ; the fusibility of 
the metals will thus be altered, for the alloy melts at 212* 
Fahr. A spoon, or any other utensil, formed of thiscom"* 
pound, will therefore melt in water kept boiling. 

If in a similar manner an alloy be made of lead, tin, 
bismuth, and mercury, their proportions being two, three, 
fiv^ and one, the compound produced melts at 4»4ieat 
evOT less than that of boiling water, 

A composiuon of lead> zinc, and bismuth, in equal 
c^ggte) may be kept in fusion upon paper over a lanqp* 

* £XP£RXMSNT II. 

Vttt- into a tea-cup one ounce of alcohol, Ad add to it 
ten gnuns of hyper-^zygenized miffiat* of potash* If to 
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this mixture a quarter of an oance of ecMMMiMted nd* 
phuric acid be added a violeot acdon ensues, wA 
fluid btmts into flame. 



EXPEBiMEMT III. 



If we ti lturate together, id a wann mortar, three parts 
by weight of very dry nitrate of potash, two of carbonate 
of potash, and one of sulphur^ a powder is obtained, of 
which a few grains, when laid on a knife and held over 

the candle, first fuses, and then explodes with a loud re- 
port. A drachm of it put into a shovel an<l held over the 
fire makes a noise as loud as a cannon, and indents the 
shovel as if it had received a violent blow. It is known 
by the name oijulminatin^ powder* 

Law II.— T/ie efficacy of chemical ajpnity is in an in- 
verse ratio to thai of corpuscular attraction* 

* * PROOFS OF LAW IL 

It was mentioned before, that the cohesion of the par- 
ticles of a body is owing to the mutual attraction existing 
between them. It is this force which must be overcome 
by the action of a substance which has a tendencv to com- 
bine with those particles chemically. The afhnitv of 
composition therelore does not becoine stronger as the 
s^finity of aggregation becomes zveakery it becomes only 
ftwre effcacious ; the absolute powers remain the same ; 
the effect produced by that agency increases^ because the 
resistance opposed to it decreases* 

R£MARK...,It is from this law that it was formerly in- 
ferred, that some^ or at least one, of the bodies should be 
in a state of flmdity* This, however, is by no means ne- 
cessary* It is in gokeral true, that the weaker th^ttrac- 
tion of aggregation is, the more easily the affinit/ Or ^m- 
binatiom takes place, as may be evinced by means of the 
foUowing experiments : 



* 

/ 
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EX^S&XMEUT I. f 

Let any quantity of dry caibonate of soda and tafta- 
reous acid be mingled together, and put the mixture inta 
a wine-glass ; no chemical change will be produced : but 
if water be added, or either of the salts be previously 
dissolved, a violent effervescence ^ensues, and a chemical 
union is obtained. 

The water added is of use merely to overcome the re- 
sistance which arises from the cohesion of the particles of 
the salts intended to be brought into the sphere of action, 
or to increase their mutual contact* 

Experiment XL 

If crystallized sulphate of alumine, or sulphate of soda, 
and acetite of lead are brought into contact with each 
other, the individuality of these bodies will not be de- 
stroyed, that is to say, no chemical change will take ^ 
place : but if they be intimately rubbed together in a 
mortar, the two solids will act upon each other, and form 
a fluid. 

It is obviousy therefore, that in order to facilitate 
chemical affinity, the attraction of aggregation must be 
broken ; the bodies intended to be chemiciJly united must 
hot be presented to each other in their mass of contact^ 
but mechanically divided, or reduced to the smallest 
moleculae possible. 

Hence liquids combine with more facility than solids, 
or even than a solid and a liquid ; and in like manner va- 
pours combine with rapidity and ease. 

Law III. — The ageticy of affinity of composition is in fin - 
enred hit temperature. Its action is either accehfoi^d^ 
r^0-dedf prevented^ or rendered ejficacious, 

PROOFS OF LAW HI. 

Experiment I. 

If we mingle equal parts of sulphur and carbonate of 
potash, and leave the mixture for any length of time, no 
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change will take place ; but if we increase the tempeilt'% 
tUre or heat the mixture, a union will be obtained. 

Experiment II. , 

If we expose phosphorus in an open vessel to the ac- 
tion of the atmosphere, a chemical union will take place 
between the phosphorus and one of the constituent parts 
of the atmosphere, namely, the oxygen gas ; the phos- 
phorus will gradually (but very slowly) disappear, and 
oecome converted into a fluid, called phosphoric acid* 

But if we heat the vessel containing the phosphorus, 
the latter will take fire, and become converted into a yd- 
lowish white substance, which in a short time is chang- 
ed into an acid analogous to the former* 

* 

Experiment III. 

If equal quantities of muriate of ammonia and carbon- 
« ate of magnesia are mixed with six or eight parts of wa- 
ter, and sufiered to stand for some time exposed to the 
ordinary temperature of the atmosphere, a mutual de- 
composition of the t%vo salts will take pkre. For if the 
mixture and the fluid which passes arc left to evaporate 
spontaucously, muriate of magnesia and carbonate of am- 
monia will be obtaiued* 

On the contrary, 

£x?E&iHEirr IV* 

If equal quantities of muriate of magnesia and carbon- 
ate of ammonia be e^fcposed to a temperature of 200^ in 
about four parts of water, the products obtained are mu- 
riate of ammonia and carbonate of magnesia* 

Experiment V*- 

t 

If muriaie of soda and sulphate of magnesia be mix- 
ed together in any proportion, and exposed to a tempera- 
ture below zero, they decompose each other, and muriate 
of magnesia and sulphate of soda are formed ; but no de- 
composttbn takes place at a temperature above 30«* 

Muriate of soda, and acidulous sulphate of alumine and 
potash, esdiibit precisdy the same phenomena* 
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£»BRIM£MT VL 

» 

If ttdent spirit and a aolution of salt in water 1 
together, the compound formed is a real chemical union; 
but if we carefully heat the fluid, the caloric applied will 
be divided between the three ingredients, according to 
their respective affinities ; the union will be broken, for 
the ardent spirits will first become volatiHzed, and the 
union of the salt and water remain unaltered. On in- 
creasing the temperature, the water will escape in the form 
of vapour, and the salt will be Ic ft behind. 

There are numerous cases in which an increase of tem- 
perature is essentially necessary to determine bodies to 
unite. If mercury be exposed to oxygen gas, at the com- 
mon temperature of the atmosphere, the corpuscular at- 
traction subsisting between its particles is sufficient to pre- 
vent combination : but if the mercury be heated to a cer- 
tain degree, the force which kept its particles united will 
become annihilated, and it dien combines with the oxygen 
which is present. 

Again, if the oxyd of mercury thus formed be exposed 
to a higher degree of temperature, the union is demo- 
lished, and the quicksilver re-appears in its metallic state* 

Hence it is obvious that the action of caloric fiivOurs 
the union of the ox) gen and mercury, in consequence of 
the diminudon of the mutual aflbiity of the parts ; but at 
loigth, by augmenting this difference, it agam breaks th£ 
union, or renders the combination imposstUe* 

That increased temperature augments the powers of 
chemical union the solutions of salt and water afioM iA- . 
stances. 

A larger quantity of salt is soluble in a g^ven quantity 
of water at a high than at a low temperature, and this 
larger quantity of salt is again separated by cooling* 



Law IV.— mica/ affinity is accompanied by a c/umgeof 
temperature at the hmta^/^ its action, "^j- w 

^. The tnlA of ^hia prm^iple i^ill be perceiiydT^rappl)'- 
ihg e3Eperimant;.to thmjr* ^ 
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PROOFS OF LAW IV. 

Experiment !• 

J^oductian of heaU by the combination of dense acidt^ 

AaiieSf £sfc. with water. 

We Iiave mentioned already (page 52) that when two 
pans of concentrated sulphuric acid and ardent spirit are 
mingled together, the mixture in a few minutes becomes 
so hot as to render the vessel insupportable to the hands. 

If four parts of sulphuric acid of commerce aa.d one 
part by weight of water be mixed together, each at the 
temperature of 50*^, the mixture immediately acquires a 
temperature of about 300^* 

All the dense acids, ammonia, and ardent spirit, when 
mixed with water, have tlie property of raising its tem- 
perature remarkably : jmd the same is the case when al» 
kalies are introduced into conct ntrated acids. On the 
contrary, in many instances cold is produced. 

£XP£AIM£NT II. * . 

♦ 

Production of extreme degrees of cold. 

• 

Take one ounce and a half of muriate of ammonia, and 
a like quantity of nitrate of potash ; reduce each of these - ^ 
salts separately to powder, and blend them intimately to- 
gether having done this, mix them gi^aduaUy in a glass • 
basin, or other thin glass vessel, with four ounces of water* 
The jesult will be, fiiat the cold produced sinks a thermo- 
meter immersed in it to 36^ Fahr. A new addition of ^ 
the same quantity of salts will cool it to 14", which there- 
fore will freeze water in a glass tube that is immersed in ^ 
it, without the use of snow or ice. If the water employ- 
ed in a first process be used to reduce other water and 
salts to the temperature of about 32", and these be applt- . 
cd to the performance of a second experiment, the tem- 
perature may be lowered to 4® below O**. . ' ; ' 

A number of fecraeriments have latdy, been made to*' 
produce arUfi<i»Vmpl by means of 'Mch 'freeziiw mix- '.^ 
tures. ' The mMt c6mplete set this kiad are mom of ^l* 
Pe|)y6, If witz, anjl ^W«Lker. , Th^r . shall k^ pocked i» 
the next ptrtof 4us worlf^ 
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Law V. — The agencij of chemical affintty between txvo or 
more bodie^t Tnaif lie dsrmani^ until it is called into ac* 
tion by the interposition of another boehff which frer 
quentiy. exeita no energy upon tfiem in a separate state* 

From this law originates what was formerly called dis- 
posing affinity, or that case in which two or more bodies 
are incapable of uniting, until the agency is called into 
action by the addition of a third body, which exerts no 
sensible affinity upon either of them. 

This may be proved in the following manner* 

PROOFS OF LAW V. 

Water is a compound of hydrogen and oxygen ; phos- 
phorus is a simple body, according to our present state of 
knowledge. It these be presented to each other, no che- 
mical union will take place ; but if we add to them anal- 
kali, and then apply heat, the water ^vilI become decom- 
posed ; that is to say, part of the phosphoi us will unite to 
the oxygen of the water and form phosphoric acid, and 
the other p^iit will be dissolved in tiie hydrogen gas and 
appear as phosphorated liydiogen. 

Here the alkali acts as the substance requisite to favour 
the mutualaictiony or to give the disposing affinitjr. 

If iron and water be brought into contact with each 
other, no perceptible change will be produced ; but if a 
little sulphuric acid be added to the water and iron, a vio- 
lent eiFervescence takes place, the water becomes decom- 
posed, hydrogen gas will l>e evolved, and the iron become- 
dissolved in the acid. 

In this case the sulphuric acid is the condition neces- 
saiT to accelerate the chemical action. 

These experiments will be more fully considered heije- 
after. 

Law Vl^i^The reUh of the ener^ of chemical affinity 
acting between wuious bodies is (Hfferent in d^erent 
substances. 

This is the most important law of chemical attraction. 
As beginners will find it rather difficult to understand 
what passes in this more complicated agency, we shajil 

vou I. .21 



8% JProoff of the Laws of Chemical Affinity* 



shortly remark, that the ( ombination which is effected be- 
tween two or more bodies, by virtue of the aliinity of 
compositloD, becomes broketf Whenever we present to the 
compdimd flnodier body, which has an attraction to one 
of the constituent parts of the compound, superior to that 
attraction by which they were held toge^er : the bodies, 
therefore, lietween which the strongest attraction previuls 
combinef and the rest are disengaged. 

PROOFS OF LAW VL 

If muriatic acid be poured either on pure barytes <Mr on 
its carbonate, the barytes will he dissolved, and the com- 
pound will be muriate of barvtes, which compound is held 
together bv the force of aliinity existing between the mu- 
riatic acid and the barytes. On letting fall into this so- 
lution a few drops of sulphuric acid, an immediate change 
of principles takes place ; the whole quantity of the muri- 
atic acid which was combined with the barytes becomes 
disengaged ; and the sulphuric acid imites to the barytes 
' with a force equal to their affinity, mmu* that of the mu* 
riatic acid. 

I. 

m 

Experiment 1L 

If pure silver be dissolved in nitric acid, the silver will 
remain united to the acid till another body is presented 
to it which has a greater force of attraction to one of the 
constituent parts of the compound : for instance, if mer- 
cury be added to this solution of silver, the mercury wiU 
be dissolved, and the silver become precipitated or dis* 
engaged. The supernatant fluid will then be a solution 
of mercury in nitric acid* 

EXPERIMEKT 111* 

If to the before-obtained solution of mercury in nitric 
acid a piece of sheet lead be presented, the lead will be 
dissolved, and the mercury become precipitated. The, 
fluid will then be ^ solution of lead in nitric acid. 
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EXPE&IMSNT IVt 

If in this solution of lead a thin slice of copper be sus- 
pended^ the copper willl>e •disacdved, and thread will be- 
come disengaged. The flmd now is a tohoioj^ of copper 
in nitric udd* 

£XPBRIMEHT V. 

If in tlus solution of copper a ihin sheet of iron be kept 
immersed, the iroa will be dissolved, and the copper be- 
come precipitattd* The fluid now is a aohttim of iron in 
nitric acid.' 

EXPERIMKMT VL 

• 1 

I 

If to t^is solution of iron a piece of Ac be preaented» 
the zinc inSL be dissolved, and the iron become precipi- 
tated. The solution then consists of zinc and mtric add, 

REMARX8....It appears nevertheless, from BerthoUet^s 

Treatise, as we shail see dtrecdy> that in almost all cases 
of elective affinity, there is not a total transfer of the base, 
but that a division is made between the two opposite at- 
tracting substances, in a compound ratio of the relative 
force of affinity and quantity of each ; that, in many cases, 
the excess of quantity may supply the deficiency of force, 
and therefore that the mof^ must be carefuUy taJcen into 
consideration. 

Law VII.— T/ie agency of chemical ajfnutij is either /i- 
mited or unlimited ; ifi other zuords^ chemical ajjinity is. 
capable of umtm^ bodies m definite or in indefinite fro^ 
portions* 

« 

Experience has convinced us, that in all bodies there 
are certain precise limits of combinations beyond whkh 
their action cannot pass, namely, a ndtdmum and a maxi* 
mum ; it remiuns sttU to be ascertained how bodies can 
Combine within these limits* 

If we attend to what is known at present, we are forced 
to acknowledge that tins law comprehends several modifi- 



(4 ^oofs qf the Lcem ofChmmM AfMttif* 

cationsy which may be ar r n gied under the IbOowbig 
classes. 

1*. Chemical affinity unites several bodies in any fvo«^ 
portion whatsoever ; their combination is therefore vbbl^. 
limited : for instance, 

PROOFS OF LAW VIL 

Experiment I. 

If water and ardent spirit be mingled together in any 
qiiantity, a chemical combination ensues, tor the com* 
pound obtained has alwajrs a specific gravity different 
from the mean specific gravity of the fluids combined. 
Its bulk is likewise not the arithmetical mean of the fluids 
in a separate state. 

The same is me case when liquid acids and water, or 
adds and ardent spirit, are combined together. 

2. Chemical affinity combines several bodies to a cer- 
tain extent or maximum onlv. 

To this class belong all tliose bodies which are capable 
of (what is called) saturation. 

Experiment II. 

If we take a quantity of any of the dense acids dHnfied 
with water— for instance sulphuric acid— and let fall into 
it a solution of an alkali—- fer example soda— by a little at 
a time, and examine the mixture after every addition of 
the aUt^di, we find for a considerable time it will exhibit 
the properties of an acid, it will have a sour taste, and 
convert vegetable blue colours into wA ; but if we con- 
tnuie to add greater quantities of sothi, tliese acid pro- 
perties will gradually diminish, and at last disappear alto- 
gether. At that ppint the combination is at an end, it 
has reached its maximum in this case ; for if we continue 
to add more alkali, the mixtui * v. ill j^radually acquire al- 
kaline properties ; it will eonvcit blue vegetables into 
green ; it will have an iirinous or alkaline taste, Stc These 
properties will become stronger the greater the quantity 
of the soda is which is added. 
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EXPSKIKBNT llV- 

Take muriatic acid, $ackd let 6m mto it gradually car- 
bonate of lime or magnesia : an effervescence will take 
place ; f<»' a chemical union ensues between the acid and 
the lime, or magnesia, and the carbonic acid, tbe other 
constituent part of these bodies, becomes disengaged. But 
if we continue the addition of the lime or magnesia until 
it produces no further effervescence, no chemical union 
will be obtained, the lime will fall to the bottom unalter- 
ed, for the comVjinLition is at itf» maximum. 

It is on this account that water can only dissolve a cer- 
tain quantity of salt) ardent spirit, a certain quantity of 
rerioySEC* 

The union of oxygen and hydrogen beloDgs likewise to 
diis class* 

3. Chemical aiBntlr)r is ca^dble of unitfaig diflierent bo* 
dies in two^ three^ or more proportions ; each of these 
combinations ' produces compounds possessing peculiar 
properties* 

This peculiarity of combination is highly important. 

It is owing to this circumstance that both nature and 
art produce substances of the same principles, only com- 
bined in different proportions, which possess peculiar 
properties widely different from each other. 

Law VIII. — The ener^tj of the chemical ajinity of dif- 
ferent bodice 2s modified in proportion to the ponderable 
quantities of the stiostmices placed luithin the sphere of 
actioTU 

It is obvious from this, that die denominadon of elec- 
tive aiBnity is erroneous ; since it supposes die union of 
one entire substance with another m preference to a 
third* But this is not the case ; a mere division of acdon 
takes place in instances of this kind ; that is to say, the 
substances act according to the quantit}' existing within 
the sphere of activity. The excess of quantity is capable 
of compensating for the deficiency of the force of affinity. 
When, therefore, a compound body of two substances is 
acted on by a third, that part of a compound which is the 
subject of combination is divided between the two re- 
maining, not only m proportion to their respective de- 
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grees of affinity, but also according to their ponderable 
quantities ; so that by varying this in cither, the effect 
produced will be varied. 

Thus Bertholkt has proved, that in all cases a large 
quantity of a body is capable of abstracting a portion of 
another from a sniall portion <^ a third, l|Ow weak aoevet 
|lie afiuii^ between the first and second of these bodies 
may be, and how strong soever the affini^ between the 
second slid third* Thus pofiuh is capable of abstracting 
part of the acid from oxalate of lime, phosphate of lime, 
and carbonate of lime. Soda and lime decompose par- 
tially sulphate of potash. Nitric acid subtracts part of 
the base from oxalate of lime, &c. 

The following experimenty. advanced by Ber^xoUejt, will 
. prove this more diearly. 

PAOOFS OF LAW VIH. 

Experiment I. 

' If equal parts by weight of sulphate of batytes and pot- 
ash be bcHled in a small quanti^ of water to dryness, it 
will be found that the sulfuric acid has been divided be- 
tween the two hoses in the compound ratio of their mass 
and their force of affiniQr. The greater part of the suit 
phate of barytes will be found imdecomposed i a small 
quantity of barytes will be found at libeity | most of the 
potash will also be uncombined ; but a certain portion will 
be united with the sulphuric acid which the barytes has 
lost in the form of sulphate of potash. 

It is not merely in the instance stated here that this 
division of one body between two others, according to 
their respective masses and affinities, takes place, there 
being scarcely any example to the contrary'. 

And as the affinities of bodies vary witii their masses, 
it is obvious, that when we speak of the affinities of bo- 
dies, we ou^t to consider them as always acting in cer- 
tain determinate proportions* 

lNPEftxiicEs*.«*All the tables of affinilieSf which have 
so much engaged the attention of the modems, and which 
are deceitful'under the appearance of accuracy, are there- 
fore merely comparative apintiximattons to truth; for 
they have been constructed upon the supposition that dif* 
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ferent substances possess different absolute degrees of 
aflBni^ to each other, capable of producing the decompo* 
sitions and cottlunatiqns which offer themselves, inde- 
pendently of the proportloiis of the bodies presented to 
each other. On the contrary, to determine the elective 
nflinity of different bodies to each other, it is requisite to 
inquire what are the phenoitKpa which they offer when 
presented to each other, in different proportions ? These 
phenomena have hitherto been little attended to ; nor has 
much attention been paid to other particular circumstances 
^hich appear capable of influencing the agency of affinity 
in genersd, namely, the action of light, electricity, galvu' 
mam, Scc« 

When thesCff and tlie before-mentioned discovery of 
BerthoUet for determimng the relative strengdi of affinity, 
are more attended to, they will prc^ably lead to conse- 
quences of the greatest Importance* It will oblige che- 
mists to attend more 'closely to the reciprocal action of 
bodies on each other under different cirumstances ; and 
the result must be, the discovery of several laws which 
will greatly facilitate the acquisition and the advancement 
of the science. 

The rapid progress which chemistry has lately made, the 
multiplicity of its researches, and the scrupulous accura- 
cy of oLscrvation with which experiiijents are now con- 
ducted, afford us every reason to hope that this \v ill soon 
be accomplished. (See Appendix No., 7.) 
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PART X, 

4 



HEAT and ccdd ytioDt of which wc acquire 

the ideas from the aeiues ; iliey indicate only a certain 
state in which we find oursehresf tnde|iendent of any ex- 
terior object. But as these sensations are for the most 
part produced by bodies around ui» we consider them as 
causes, and, judging by appearances, we apply the terms 
/lot or cold to the substances themselves ; calling those 
bodies hot which produce in us the sensation of heat, 
and those cold which communicate the contrary sensation. 

This amhi;^uitv, thouch ot iiitle consequence in the 
common affairs of human life, has led unavoidably to 
confusion and perplexity in philosophical discussions. It 
was to prevent this that the framers of the new nomen- 
clature adopted the word c ALtjRic, which denotes tha^ 
, V'hich produces the sensation of iieat. 

SECT. I. 

TH£ORI£S OF H£AT. 

TWO opinions have long divided the philosophical 
world conceming the natare of heat. 

1. The one is, that the cause which produces the sen- 
sation of heat is a real or distinct substance, universally 
pervading nature, penetrating the particles or pores of 
all bodies with more or less fecility, and in different 
quantities. 

This substance, ii applied to our system in a greater 
proportion than it already cQntains, warms it, as we call 
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it) or produces the sensation of heat; and hence it has 
been called caloric or calorific, 

2. The other theory concerning heat is that the cause 
which produces that sensation is not a separate or self- 
existing substance ; but that it is merely like gravity a 
property of matter-; and that it consists in a specific or 
pedt&ar motion^ or rnbraiion of the particles of bodies. . 

The arguments in favour of the first theory have been 
principally deduced from the evolution and absorption of 
heat during chemical combinations; those of the latter 
are chiefly founded on the production of heat by friction* 
For it has been observed, that whatever is capable of pro- 
ducing motion in the particles of any mass of matter ex- 
cites heat. Count Rumford* and Professor Davyj have 
paid uncommon attention to this fact, and proved, that 
heat continues to be evolved from a body subjected to 
friction, so long as it is applied, aud liic texture or form 
of the body be not altered. 

All the efiects of heat, according to this theory, depend 
therefore entirely on the vibratory motion of the particles 
of bodies* According as this is more or less intense, a 
higher or lower temperature is produced ; and as it pre- 
dominates over, is nearly equal, or inferior to the at- 
traction of cohesion, bodies exist in a gaseous^ fluid, 
or solid state. 

Different bodies are siinccptible of it in different de- 
gress, and receive and coniniunicate it with different ce- 
lerity. From the generation, communication, and ab- 
straction of this repulsive motion under these laws, all the 
phenomena ascribed to heat are explicable. 

Each of these theorii s has been supported by the most 
able philosophers, and given occasion to the most im- 
portant disputes in which chemists have been engaged ; 
and have contributed in a very particular manner to the 
advancement of the science. The obscurity of the sub-*' 
ject, however* is such that both parties have been able to 
advance the most plausible arguments. 

Setting aside iuquiries concerning the merits of 
these different doctrines, we shall confine ourselves to 
the general effects which heat produces on different 

* Humford's Essays, vol. iii. 
t Dayy*s£s0ay in fieddw^'s Medk«i Contributitms. 
VOL. I. 12' 
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bodies. For the phenomena which it presents, and their 
relation to each other, may be investigated with sufficient 
predsioDf diough the niitariality or immaieriaUty of heat 
may remain ludcnown to U8« 

NATURE AND THEOREMS OF HEAT. 

Thb premised, those who consider heat as matter, as-, 
sert that caloric exists in two states, namely in combiiia-< 
tion, and in a radiant state or at liberty. 

In the first state it is not sensible to onr oi^gans, nor 
indicated by the thermometer; it forms a constituent 
part of the body ; but it may be brought back to the state 
of radiant or sensible hent. In this state it affects animals 
with the sensation of hcai. It therefore has been called 
sensible or free heat, or fire ; and is synonymous with un- 
combined caloric, thermometrical caloric, caloric of tem- 
perature, interposed caloric, See. expressions now prettj' 
generally superseded. 

From the diversity of opinions among chemists re- 
specting the nature of caloric several other expressions 
have been introduced, which it is proper to notice. For 
' instance, by specific Heat is understood the relative quan- 
tities of caloric contained in equal weights of different 
bodies at the same temperature. Latent heat is the exr 
pression used to denote that quantity of caloric which 8 
body absorbs when changing its form. It is, however, 
more properly called caloric of fluidity. The disposition 
or property bv which different bodies contain certain 
quantities of caloric, at any temperature, is termed their 
capacitij for heat. By thr expression of absolute heat is 
understood the whole quantity of caloric which anv body 
contains. These terms shall be more fully considered 
hereafter. 

Before we proceed further we shall briefly notice the 
various methods of exciting heat, and then endeavour to 
examine its general properties. 
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SECT, a 

METHODS OP EXCITING AND COLLECTING 

HEAT. 

OF the difotnt methodB of exeitbg heai^ tlie follovr* 
' wt the Hioit ustiaL 

1. PRODUCTION OP HEAT BY PERCUSSION. 

OR COLLISION. 

This method of producing heat is the simplest, and 
therefore it is generally made use of ia the comoooa pur- 
poses of life for obtaining fire. 

When a piece of hardened steel is struck with a flint, 
some particles of the metal are scraped away from the 
mass, and so violent is the heat which iollow s the stroke, 
that it melts and vitrifies them* If the fra^ents of steel 
are caught upon paper and. viewed with a microscope^ 
most of them will be found perfect spherules, awl veiy 
highly polished* Their, sjmerictty demonstrates that 
thqr have been in a fluid state, and the polish upon tfaeur 
sumce shows them to be vitrified* 

Tlus evcdution of heat by percussion* seems to be the 
consequence of a pennanent or temporaty condensatiop of 
the body struck. 

Mr. Dalton* has proved that when air is suddenly con- 
4ensed, a thermometer surrounded by it rises several de- 
grees. Mr. MoUett was the first who observed that a 
small piece of linen, rolled up, takes fire when put into 
the narrow canal in wliicli the lower extremity of a pump 
for condensing air generally terminates.} Mr. North- 
moore has inflamed phosphorusbjr condensed oxygen gas.^; 

2. PRODUCTION OF HE AT BY COMPRESSION 

OR FRICTION. 

ilcnt may likewise he excited b}- mere friction. Wood 
rubbed against wood, or against any hard body ; metal 

* Manchester Memo'tfa, v. £15. f Mag- xiv. 364. 

' These cxperimenti hare pmAned the eammon tube and pislioii ibr 
iiriiig' spunk. . « 
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rubbed against metal, or against any other body ; in 
short, solid bodies rubbed against each other are thereby 
heated^ often so far as to become red hot. The native r 
of New Holland are said to produce fire in this manner 
with great facility, and spread it in a wonderful manner. 
For that purpose the)' take two pieces of dry wood, one 
is a stick about eight or nine inches long, and the other 
piece IS flat ; tlie stick tjicy shape into an obtuse point at 
one end, and pressing it upon the other piece, they turn 
it very nimbly by holding it betwcsen both haiids as we do 
a chocolate mill, often Shifting their hands up and then 
moving them down upon it, in order to increase the 
pressure as much as possible. By this method they get 
fire in a few minutes, and from die smallest spark they 
increase it with great speed and dexterity* 

If the irons at the axis of a coach- wheel are applied to 
each other without the interposition of some unctuous 
matter to keep them from immediate contact, ^ey wUl 
become so hot when the carriage runs swiftly along, as to 
set the wood on fire ; and the fore wheels being smallest 
and making most levolutious in a given time wiU be most 
in danger. 

1 he same will happen to mill- work or to any other ma* 
chinery. 

It is no uncommon practice in this country for black- 
smiths to use a plate of iron as an extemporaneous sub- 
stitute for a tinder-box ; lor it may be hammered on an 
anvil till it becomes red hot, and will fire a brimstone 
match. A strong man who strikes quick, and keeps 
turning the iron so that bodi sides may be equally exposed 
to the force of the hammer, will perform this in less time 
than would be esLpected*. 

If in the coldest season one dense iron plate be laid 
on another, and preyed together by a weight, and then 
rubbed upon each other by reciprocal motions^ they will 
gradually grow sohotf as, in a'snort time^ to emit sparks, 
and at last become ignited. 

It is not necessary that the substances sliould be very 
bard, a cord rubbed backwards and forwards swiftly 
against a post or a tree will take fire. 

Count Kumibrd^ and Professor Ficttij have oiad^ 

• Nicholson's JouAlal (4tli edit.) vol', ii. p. 106. 
t I*ictet*8 Eaam sor le feu, cliap. iz. 
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bome xtty ingenious and valuable experiments conceming 
the heat evolved by friciion. 

It is asserted, diat heat may be produced by iViction 
where there is absolutely no oxygen gas whatever ; so 
that ill these cases it cannot be dtcrived firom the decom- 
position of that gas* This has made several persons sus- 
pect diat heat is not the effect of a peculiar substance^ ' 
called caloricy but that it is only a peculiar motion or vi- 
bration of the particles of bodies. It must, however, he 
considered) that there is no friction which does not pro- 
duce compression, viz. a contraction of the bulk of the 
bodies concerned, at least for a time, and therefore that 
the caloric is squeezed or forced out of the bodies them- 
selves, arid being communicated to the surrounding bo- 
dies, produces the usual signs of heat. 

What very much ccjiroborates this assertion is, that 
substances which are not compressible, are not heated by 
mechanical force ; thus a flint will only be broken^ but a 
piece of metal will be heated by the strokes of a hammer. 
Thus* alsOy we may place any wei^t upon a quantity of 
water without altering its temperature, because the com- 
pressibility of that fluid is almost nothing; but if we place 
an additional weight upon a quantity of air, the bulk of 
that fluid will be contracted, and its temperature will be 
raised by the compression* 



3. PRODUCTION OF HEAT BY CHEMICAL 

ACTION. 

To this Ijcl iu;s the heat produced by combustioti. 
There are bc;ilclfs this many chemical processes t herein 
vapid chemical action takes place accompanied with a de- 
velopment of heat, or fire and flame* Instances of this, 
kind have been noticed already, page 51. More striking 
experiments will be given in the progress of this work* 

It has been remarked, diat whenever a mixture of two 
or more bodies is attended with heat, the bulk of that 
mixture is less than the sum of the bidk of the separate 
ingredients, viz* a compression or concentration takes 
place, which is nrcompanied with a development of 
caloric ; viz. if 100 grains of alcohol, of 0,825 specific 
gravity, occupy a space equal to 100, at a temperature of 
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60« Fafar. and 100 graias of mrter, al tHsame tempera^ 
ture, occupy a volume e^ual to SS,5 the vobuBe of theM 
two fluids^ afiar being miog^ and reduced to the ori|p<- 
nal temperature, viz. 60^ will be 177 At I a diaunutian 
of bulk equal to 5,09 has therefore talcen place* The 
specific weight of the mixture is O;9i3,00& 



4. SOI.AR H£AT* 

It is well known that every lens, whether convex or 
plano-convex, will collect by refraction the rays of the 
sun dispersed over iu surface into one point or focus, and 
produce the most a&tonishing eiiccis. 

Dr« Herschell has discovered, that there are rays emit- 
/ ted fxom the sun whicit have not the power of iUuminat* 
ing or producing vision; and that these are the raya 
which produce the heat of the solar ligjbt, besides othen 
which have a deoxydating power. 

Consequently heat is emitted from.the sun ia rays ; but 
these rays are not the same with the rays of liglit, as shall 
be more fully proved hereafter. 

The direct rays of the sun on the same spot of the sur- 
face of the earth are more or less hot according to the 
time of the year, clearness of the atmosphere, state of the 
wind, and the coluur, together with the quality of the spot* 
} ' On this island, and in the hottest time of the summer, 
* . » the direct ravs of the sun seldom raise the thermometer 
■ J so high as 1 10''. In other climates, especially within the 
' f ' tropics, they raise die thermometer considerably higher, 
viz. SO or 30y or as it is said, even 40^ higher than 110. 
But we must not believe the idle stories of their mdting 
lead, or even <^ their setting fire to gunpowder. 

No sensible heat is known to be derived 6om any other 
/ celestial body* The moon, indeed, on account of the 
I great light it reflects on the earthy mi^t be expected to 
\i communicate some degree of hei^; but though that 
light, concentrated by a large concave mirror, has been 
thrown upon the most sensible thermometers, yet I am 
not certain that it ever affected them. A great many 
calculations have been made concerning the proportion 
between the light Avhich we receive directly from th^ 
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sUDj and that which is reflected to us from the moon ; 
from which it appears that the latter is several hundred 
times less dense than the former; and the heat of both is 
supposed to be in the same proportion. 

5. PRODUCTION OF HEAT BY THE ELEC- 
TRIC SPARK* AND BY GALVANISM. 

The efFectB of dectricity are too well known i|i this 
point of view to need any description* 

Galvanism has of late become a powerful instrument 
for the purpose of exciting heat. Not only easily inflam- 
mable substances, such as phosphorus, sulphur, &c. have 
been iired, but likewise gold, silver, copper, tin, and the 
rest of the metals, have been burnt by means of galvan- 
ism, as was shown by professor Davy in his lectures at 
the theatre of the Royal Institution. 

Such are the principal methods of exciting heat. We 
shall now endeavour to examine experimentally the ef- 
fects which hcuit produces upon bodies in general. 

SKCT. ni. 

GENERAL EFFECTS OF HEAT. 



EXPANSIVE PROPERTY .OF HEAT. 

This is the first and most obvious effect which heat 
produces on bodies. Experience has taught us, that at 
all times when bodies become hot they increase in bulk. 
The bodies experience a dilatation which is greater in 
proportion to the accumulation of caloric, or, in other 
words, to the intt;iisity of the heat. This is a general 
law which holds good as long as the bodies have suffered 
no change either in their combinatiuu oi tlie q^uauti^' of 
their chemical principles. 

This power which heat possesses consists therefore in 
a constant tendency to separate the particles of bodies* 
Hence plulosophers con^der heat as- the refiulnoe power 
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which acts upon all bodies whatever, and which is in con 
slant opposition to the power of attraction. 

The phenomena which result from these mutual actions 
seem as it were the secret springs of nature* Ueat» hxm- 
ever, does not expand all bodies equally, and we are still 
ignorant of the laws which it follows. 

1. EXPANSION OF FLUID BODIES BY HEAT. 

£xP£Rlltl£|lT I. 

Take a glass globe, with a lon^ slender neck called a 
bolt head, fill it up to the neck with water, ardent spirit^ 
or any odier fluid which may be coloured with red or 
black ink, in order to be more visible, and then immerse 
the globe of the instrument in a vessel of hot water ; the 
included fluid will instantly begin to mount into the neck. 
If it l)e taken out of the water and brought near the fire, 
it will ascend more' and more in proportion as it becomes 
heated ; but upon removing it from the source of heat, 
it will sink again : a clear proof that caloric dilates it, so 
as to make it occupy more space when hot than when 
cold. These experiments may therefore serve as a de- 
monstration that heat expands J^^/zr/ bodies. 

It appears that liquids of tlie least density expand most 
with the same temperature. i'iius hy drogen gas dilates 
more widi the same degree of heat than atmospheric air ; 
atmospheric air more than sulphuric ether; ether more 
than airdent spirit ; ardent spirit more than oil > oil more 
than water ; wat^r more than acids ; and acids more than 
mercutr. But if we compare the periods of time neces- 
sary for each fluid to acquire the maximum of rardaction 
it is susceptible of, there is no law to guide us yet known. 

2. EXPANSION OF AERIFOHM BODIES BY 

HEAT. 

Experiment I. 

The expansion of air, or any other gaseous fluid, may 
be evinced in the following manner : let a glass retort be 
-supported on the ring of tlie lainp-iurnace, so as to suffer 
the neck of it to dip luio a babiu of water ; if heat be now 
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applied to the retort by means of the lamp, the confined 
air in the retort will txpand, and bubbles of air will pass 
through the water. 

NATURE OF THE AIR-THERMOMETER, OR 

MAI^OMETER. 
, • 

This instrument, in which the expansion of air is tried^ 
has heem called manometer^ but in truth it is only an air- 
thermosneter, and though rather larger, it is not, how* 
ev^r, unlike the common thermometer, viz. it consists of 
a tube five or six feet long, having a bulb at one end and 
open at the other. The bore of me tube is about a 20th 
of an inch in diameter. A small quantit}' of quicksilver 
is placed in some part of the cavity of the tube, and the 
expansion of the air of the bulb, when heated, forces the 
quicksilver to move towards the open end of the tube. 
The degree oi heat to which the manometer is exposed, 
is measured by means of a thermometer ; the quantity of 
expansion of the air is ascertained by gauging the mano- 
meter, and making marks on the tube, which marks may 
indicate parts of the cavity of the tube that arc propor- 
tional to the capacity ui the manometer, as, iur instance, 
lOOths or lOOOths, &c. 

By placing the manometer horizontal or vertical, either 
with the bulb downwards or the bulb upwards, the air in 
it may be either left of the natural density, or it may be 
condensed) or, lastly, it may be rarified ; for when the 
manometer is horizontal, the quicksilver d^^s neitlier 
press upon the air of the manometer, nor on that of the 
atmosphere; when the bulb is downwards the quicksilver 
presses upon the air of the manometer : and when the 
bulb is upwards, the quicksilver presses against, and coun- 
teracts, m some measure, the gravity of the atmosphere. 
Hence this pressure and this rarefaction of the air within 
the manometer mav be increased to any required degree 
by increasing the quiuitity of the quicksilver withm the 
tube ; and thus the expansibility of common, or of con- 
densed, or of rarified air may be tried. 

The expansion of air by the s^e degrees of heat, dif- 
fers acconfing to its density, and to the quantity of mois- 
ture it contains ; nor are the increments of its bulk pro- 
portional to the degrees of temperature. 

vol. I. 13 
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It appears from colonel Roy's very numerous expeii*. 
mentS)* that 1000 parts of air, of the density of the com> 
men atmosphere, at 0*> of heat, become 1484,21 at 212*^^ 
viz. are expanded 484,21 by 212«* of heat. 

1000 parts of air loaded with 2-J atmospheres, are ex- 
panded 434 of those pans by 212° of heat. 

1000 parts of air pressed only with ^ oi an atmosphere, 
are expanded nearly 484 of those parts by 212^ of heat. 

1000 parts of air pressed with | of an atmosphere are 
ei^panded about 141 parts by 180^ of heat, viz. from the 
freezing to the boiling point. 

*^ From these last eiqieriments,'* says colonel Roy, ^ it 
would seem, that the particles of air may be so far re- 
moved from each other, by the diminution of pressure, 
as to lose a very great part of their elastic force.'* 

The above-mentioned expansions are by no means re- 
gular ; viz. they are not proportional to the number of 
degree'-, of heat. The maximum of expansion takes p!nce 
between 52° and 72**, and the minimum is coustwUy at 
the boiling point ot water. 

•Moist air expands vasti}* more than dry air, especially 
when it approaches the boiling point of water ; so that be- 
tween 192^' and 212^, moisi air expands about 8 or 9 
times as much as dry air in similar circumstances. 

Ob the expansibility of air is founded Schmidt's pyro- 
meter. * 

Let atmospheric air be freed from moisture by caustic 
alk olies, or omer bodies, and included in a vessel of platina. - 
This Vessel A (fig. 3, pt. VI.) which may be made of 
any convenient size, is connected with the tube BB, of as 
fine a bore as possible. This tube is also made of platina, 
and reaches into a vessel C, which is filled with water up 
to e e, and into this the lube h fixed air-tipht. Out of the 
vessel C rises a glass cylindrr G hermetically sealed, in- 
cluding a thermometer, and a graduated tube F F is se- 
cured into the vessel C in a similar manner. < 

Experiment H. 

If a bladder be partly filled with air, and tiie iicck of 
it doaely tied^ so as to prevent the inclosed air from 

* IliiloMpliica! TxsflMGtiin4» voL Izvil art zziw. 
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escaping, and be held near a fire, the air will soon be^in to 
occupy more space, and the bladder will become gradually 
distended ; on continuing the expansion of the air by in- 
cr^ing the heat, the bladder will burst with a loud re- 
port. 

3, EXPANSION OF SOLID BOBIES BY HEAT* 

EzpmxsHT !• . 

If we take a bar of iron six inches long, and put it into 
a fire till it becomes red-hot, and then measure it in this 
stftte accurately^ it will be fo^nd ^ of an inch longer 
than it was bel Pore ; that is, about 120th part of the whole* 
That the metal is propordonably expanded in breadth, 
will be seen by trying to pass it through an aperture which 
it fitted exactly when cold, but which will not admit it 
when red-hot* The bar is therefore increased in length 
and diameter* 

"to discover the minutest changes of expansion of heat, 
and the relative properties thereof, instruments have been 
contrived called pyrometers^ the sensibility' of which is so 
delicate as to show the cj^pau&ion from to tv^^of 
aa inch* 

INFiiKliNCljlS* 

It is owing to this expansion of metals that the motion 
of time pieces is rendered erroneous ; but the ingenuity 
of artists has discovered methods of obviating this inac- 
curacy, by emptying the greater expansion of one metal 
to counteract the expansion of another; this is effected in 
what is called the gridiron pendulum. Upon the same 
principle a particular construction of watches has been 
contrived. 

The expansion of metals is likewise one of the principal 
reasons timt' docks and watches vary in winter and sum* 
mer, when worn in the pocket, or exposed to the open air, 
or when carried into a hotter or a colder dtmate* For 
the number of the vibrations of ilie pendulum^ are always 
in the sub-duplicate raijo of its length, and as 4ie length 
* is changed by heat and bold, the times of vibration will be 
also changed. The quantityof alteraticmi when considered 



in a single vibration, is exceedingly small, but when they 
are often repeated it will be very sensible. An alteration 
of one thousandth part in the time of a single vibration of 
a pentlulum w hich beats seconds, will m.ike a change jof 
eighty-six whole vibrations in twenty-four hours. 

As different metab expand differendy with the same 
degree of hefttj such musical iiMtruinents, thenfbre, 
whose parts are to maintiuik a constant true portion, 
should never be strung Ynfh difierent metals. It is on 
tlus account that harpsichords* &c* are out of tiSie by a 
change of temperature. 

Bodies which are brittle, or which want flexibility, 
crack or break if auddenly heated or cooled. This lik^- 
" wise depends upon the expansive force of heat, stretching 
the surface to which it is applied, while the other parts 
not being equally heated, do not expand in the .same 
ratio, and are therefore torn asunder, or break* Hence 
thin vessels stand heat better than thick ones* 



SECT. IV. 

MEASUREMENT OF HEAT, 

Upon the expansive property of heat, which we have 
considered before, is founded its artificial measurement* 
Various means have beeii therefore employed to assist the 
imperfection of our sensations in judging of the different 
degrees of heat, for our feelin|;s unaided afford but very 
inaccurate information concemmg this matter ; they indi- 
cate the presence of heat^ only when thehodies presented 
to them are hotter than the actual temperature of our 
organs of feeling. When those bodies are precisely of 
the same temperature with our body, which w e make the 
standard of comparison, we then are not sensible of the 
presence of heat in them. When their temperature is 
less hot than that of our bodies, their cuniact gives us 
what is called the sensation of cold. 

The effects of heat upon material bodies in general 
which are easily visible to us, aiford more precise and de- 
terminate indications of the intensity, than can be derived • 
horn, our feelings alone* The ingenuity of the philoso* 
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pher and artist has therefore furnished us with instru- 
ments for measuring the relative heat or temperature of 
bodies. The^e instruments are called thermometers and 
pyrometers. By these all degrees are measurable, from 
the slightest to that of the most intense heat. 

NATURE OF THE THERMOMEXEK. 

A tliermometer is a hollow tube of glass, hermetically-' 
sealed and blown at one end iu tlic shape oi a hollow* 
globe. The bulb and part of the tube are filled with mer- 
cury, which is the only fluid which expands equally. 
When we immene the oulb of the thermometer in a hot 
body, the mercury expands, and of course risea in the 
tube ; but when we plunge it into a cold body, the mer* 
cury contracts and of course falls in the tube. • 

The rising of the mercury indicates, therefore, an in- 
crease of heat ; its iitiUing, a diminution of it ; and the 
quaHtiiQr which it rises or falls, denotes the proportion of 
increase or diminuition. To facilitate observation, the 
tube is divided into a number of equal parts called degrees. 

Farther, if we plunge a thermometer ever so often in^ 
to melting snow or ice, it will always stand at the same 
point. Hence we learn that snow or ice always begins to 
melt at the same temperature. 

If we plunge a thermometer repeatedly into water kept 
boiling, we find that the mercury rises up to a certain point. 
This is therefore the point at wluch water always boils» 
provided the pressure of the atmosphere be the same. 

There are four diHerent thermometers used ' at present 
in Europe, differing from each other In the number of 
degrees into which the space between the freezing and 
boiling points is divided. These are Fahrenheit's, Reau- 
mur^s, Celsius's, and Delisle's* 

The thermometer uniformly used in Britain is Fahren- 
heit's : in this the freezing point is fixed at 32° ; the boil- 
ing- point at 212** abo^-c O^, or the part nt which both the 
ascending and clesc«r^nding series of numhers commence. 

In the thermometer which was first constructed by 
Reaumur, the scale is divided into a smaller number of 
degrees upon the same length, and contains not more 
than SC^ between the freezing and the boiling points. The 
freezing point is i^xed in this tliermometer precisely at 
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the term between the ascendiDg and the descending series 
of numbers. 100 is the number of the degrees between 
the freezing and the boiling points in the scale of Celsius ; 
which has been introduced into France since the revolu- 
tion, under the name of the centigrade thermometer ; and 
the freezing pohit is in this as in the thermometer of 
Reaainurfi»Bd at O^* One degree in the scale of Fahren- 
heit appears from this account to be equal to f of a degree 
. on that of Reaumur, and to 4 of a degree on that of 
Cdsius* 

The space in Delisle's thermometer between the freez- 
ing and boiling points is divided into 150% but the gradua- 
tion begins at the boiling point and increases towards the 
freeaing point. The boiling point is marked 0, the freez- 
ing point 150°. Hence 180 F. = 153 D. or 6 F. = 5 D. 
To redycc the degrees of Delislf's thermometer under 
the boiling point to those of Fahrenheit ; we have F. = 
212 — ^1 D. to reduce tliosc above the boiling point F. = 
212 + y D. Upon the knowktlye of this proportion it is 
easy for tlie siudciit to reduce tiie degrees of any of these 
thermometers into, the degrees of any other of them. 
For chemical purposes the bodl and part of the tube should 
project some way below the graduated seats, in order 
that they may be placed in liquids, mixtures, &c« 

NATURE OF THE DIFFERENTIAL THER- 

MOMETER. 

This instrument, for which we are, indebted to Mr. 
Leslie, is calculated for measuring the minutest variation 
of temperature. Mr. Leslie's diff«"rent!:il thermometer 
consists of two glass tubes, each terminating in a small bulb 
of the same climt nsions, joined by the blow-pipe, and 
bent in the form of an U, a small portion of dark -coloured 
liquor (sulphuric acid, tinged red with carmine) having 
previously been introdaced into one of the balls. By 
managing the included air with the heat of the hand, this 
red liquor is made to stand at the point required of the 
opposite tube. This is the zero of a scale festened to 
mat tube, and divided into equal parts above and below 
nothing* The instrument is then fixed upright on a 
stand. It is manifest, that when the liquor is at rest, or 
points at zero, the ccdunmis pressed opposite ways by two 
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portions of air^ equal in elasticy, and contjpiuiig equal 
quantities of caloric. Whstever heat, then, may be iqp- 
plied to the whole instrument, provided both bulbs re- 
ceive it in the same deforce, the liquor must remain at rest. 
But if the one hall rcccivts the slightest excess of tem- 
perature, the air which it contains will be proportionably 
expanded^ and will push the liquid against the air in the 
otiier bulb with a force, as the difference between the 
temperatures of those two portions of air. The equi- 
librium, in short, will be destroyed, and the fluid will rise 
in the opposite tube. The degrees of the scale through 
which it passes will mark the successive augmentatioiw 
in the temperature of the ball, which is ej^xMed to the 
greatest h^o* Thb instrument^ therefore, is truly a ha* 
hnce of extreme delicacy, for comparing the tempera- 
tures with, which its two .scales may be loaded. 

NATURE OF THE PYROMETER. 

• ■ ' " 

To measure those higher degrees of heat to which the 
thermometer cannot be applied, there have been other 
instruments invented by different piiilosophers ; these are 
called pyrometers. The most celebrated instrument of 
this kind, and which has been adopted into general use, 
is that invented by the late ingenious Mr. Wedgwood. 

This instrument is also sufiiciendy simple. It consists 
of two pieces of brass fixed on a plate so as to be ^ of an 
inch asunder at one end, and at the other : a scale is 
marked upon them, which is divided into 240 equal « 
parts, each of an inch ; and with this his gauge are fur- 
nished a sufficient number of pieces of baked dayt which 
must have been prepared in a red heat, and must be of 
g^ven dimensions. These pieces of clay, thus prepared, 
are first to be applied cold, to the rule of the gauge, that 
there may no mistake take place in regard to their dimen- 
sions. Then any one of them is to be exposed to the heat 
which is to be measured, till it shall have been completely 
penetrated by i^. It is then removed and applied to the 
gauge. The difference between its former and its present 
dimensions will show how much it has siirunk ; and will, 
consequently, indicate to what degree the intensity of the 
heat to which it was exposed amounted. 
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High temperatures can thus be ascertained with accu- 
racy. Each fJ entree of Wedgwood's pjrometer is equal 
to ISO** of Fahrenheit's. 

GuYTON haslatcK invented a pyrometer for measuring 
the highest degrees ot heat of our furnaces, consisting of 
a lever of platiua moved by the expansion of a bar of the 
same metal, the \v huie being supported on a mass of baked 
clay. It consists of a rod of platina phiced horizontally in 
a groove foitned in a cake of white clay highly baked. 
This plate is supported at one of its extremities on the 
. part of the mass which terminates the groove ; the other 
end presses against a bended lever, whose longest arm 
fomis an index to a graduated arc ; so that the change of 
position of this index indicates the expansion produced 
on the plate of metal by the heat. 

The pake of cHiy having been highly baked, leaves no 
cause to apprehend any contraction ; and the expansion 
which may take p]:ice during the ignition will only effect 
the very small distance between the axis of motion of the 
index and the point of contact of the plate, that is to say, 
in such a manner as rather to diminish the eiiect than to 
increase it. 

All the parts of this instrument being of platina, nei* 
ther fusion nor oxydation is to be apprehended. 

With respect to its dimensions^ the author conceives 
that, in order to render the use of it commodious and ac- 
curate, they should be reduced to such as maybe neces- 
sary to obtain sensible variations ; it will then be render- 
edcommodious by the facility with which it may be placed 
under a muffle or an inverted crucible, &c. and accurate, 
because the probabilities of any accidental inequalities of 
the heat will be diminished, which it is impossible to avoid 
to a certain extent, even in the midst of a large mass of 
fire. 

The v ariations Avill be sufficiently prcceptiblc, if we 
can not onh estimate, but correctlv determine expansions 
of the 200th part of a millimetre (about the 500th part ol 
an inch) these the author olnains by the proportions of 
the instrument M'hich he has himself adopted. 

'i iic rod or plate of expansion is 45 millimetres (one 
inch and three quarters) in length, 5 in width (one fifth 
of an inch) and 2 in thickness (one thirteenth of an inch.) 

The armnf the bended lever, which presses against the 
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end of this rod, is 25 millimetres in len .th ; (rather 2^ 
or about one ninth of an inch) and the arm at right an- 
gles to it, or the index, whu h traverses on the graduated 
arc, is 50 millimetres in length (one inch and eight tenths) 
or twenty times the length of the other. The space tra- 
versed by the displacing of the small arm will be thus in- 
creased in the proportion of 1 to 20. 

Ab the long ami or index carries a nonius which di- 
, vides each degree on the graduated arc intQ ten parts^ we 
can distinctly obaerVe the SOOith of CHie of those measvurea 
(referred to the bar itself.) 

Lastly : aa the decimal divisiOQ of an arc of a circle of 
50 millimetres radius, g^ves only 7*6538 deci-millimetrcft 
for one of its degrees, it is evident, then, that we ma^ 
measure an expansion of 0.078538 deci-millimetreS) or 
of the ^fdOth parth of the length of the radius. 

In order to fnievent the position of the index from be- 
ing changed in removing the instrument from the fur- 
nace, a plate of platinA is fixed so as ^ form a spring 
against its extremity. 

The author has conunenced a series of experiments to 
determine the range of diis pyrometer, to compare it with 
the pyrometic pieces of Wedgwood, and so to show the 
degree of confidence it merits, the methods of using, and 
the cases in which it may be usefully employed in philo- 
sophical researches, and in the arts. 

SECT. V. 

EXCEPTIONS TO THE EXPANSION BY 

HEAT. 

Philosophers Imve noticed a few exceptions to the law 
of heat expanding bodies. For instance, water when 
cooled down to the freezing point, instead of contracting 

on the further deprivation of heat, actually expands. 

Another seeming exception is manifested in alumine or 
clay ; othi occur in the case of cast iron, and various 
other metals. Alumine contracts on being heated^ and 
cast-iron, bismuth, &c. when fully fused are more dense 
than w hen solid ; for as soon as they become so they de- 
crease in density : they expand in the act of cooling; and 
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hract die tthariMMM of figoM upon won whicHi liat bectt 
cttt io moalda, compared to that of odier metals.' 

Some philosophers have pennaded themselves that 
diese txcepfdons are only appareni^ bat iK>t really tra^ 
They say when water freezes, it assmnes a crystattine 
form, the crystals cross each other and cause numerous 
vacnities, and thus the ice occupies more space. The 
same is die case with fused iron, bismuth, and zinc. The 
contraction of clay is owing to the loss of water, of which 
it loses a part at everj' increased degree of temperature 
hitherto tried : there is, therefore, a loss of matter; and 
a reduction of volume must follow. 

Mr. Tilloch* has published a brief examination of the 
received doctrines respecting heat and caloric, in which 
these truths are more fully considered, together witli 
many other interesting facts relative to the received no- 
tions of heat. *. 

• SECT. VI. 

EQUAt DISTRIBUTION OF HEAT. 

It was stated before that all bodies are permeablo to 

heat, and that it has a constant tendency to difluse itself 
over matter till an equilibrium of temperature is establish- 
ed. It is impossible to accumulate it in any body beyond 
a certain degree, or to preserve it in that accumulated 

state. 

If, therefore, a number of l)odies of different tempera- 
tures are placed in contact with each other, they will all 
at a certain time acquire a temperature which is the mean 
temperature of the different substances ; the caloric of the 
hottest body will diffuse itself among- those which are 
heated in a less degree till they have ali acquired a certain 
temperature. Thus, if a bar of iron which has been made 
red-hot be Icept m the open air, it does not retain the heat 
which it had received,, but becomes gradually colder and 
colder, till it arrives at tiie temperature of die bodies in 
Its neighbourhood; On the other hand, if we cqoI down 
l!ie iron bur by keeping It for some time covered with 

^ FhiiMoiihtBai Msgsslm'., M«y, 1800«p. f8. 
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snow^ and then carry it into a warm room, It does not 
retain its low temperature, but becomes gradually liotter 
till it acquires the temperature of the room. It is there- 
fore obvious that in the one instance the temperature is 
lowered, and in the other that it is raised. 

These changes ol temperature occupy a longer or a 
shorter time according to the nature of the body, but they 
always take place at last* This law itself is indeed fa- 
miliar to every one : whan we wish to heat a body we 
eany it towards the fire ; when we wish to cool it wo aur- 
round it by cold bodies. 

Thb distribution of heat takes place even throu^.the 
Torricdian vacttitt% and it is evidently owing to its re- 
pukive power, which constantly tends to an equUibrium. 



SECT, VH. 

PROPAGATION OF HEAT. * 

We have seen in the last section that when bodies of 
higher temperature than others are brought into contact 
with each other, the heat is propagated from the first to 
the second, or the colder body deprives the warmer of 
its excess of heat. We >shall now see that some bodies 
do so much more quickly than others. Through some 
bodies caloric passes with undiminished velocity; through 
others its passage is prodigiously retarded. 

This disposition of bodies of admitting under equal 
circumstances the refrigeration of a heated body within a 
shorter or a longec time, is called the pvwer of condmttng, 
heat I and a body is sud to be a better or vtoree conduce 
tor of heaty as it allows the refrigeration to go on quicker 
or dowar* Those bodies, therefore^ whidft possess the 
property of letting heat pass witik facili^ are called good 
anuhctoro ; those through which it passes widi difficulty 
are called bad conductoro ; and those through which H 
does not seem to pass at all are called nonconductors : 
thus we say in the common language, some bodies are 
warm or capable of preserving warmth; andfiom this 
arises the great difference in the sensations excited by 
difoost bodies, when appliad the same teii^erature to 
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our organs of feeling. Hence if we immerse our hand iu 
mercury we feel a greater sensation of cold ihan when we 
immerse it in water, and a piece of metal appears to be 
much colder than a piece qf wood, though their tempera* 
tures when examined by means of the thermometer are 
precisely the same. 

It is fyrobable that all solids conduct heat in some de- 
gree, though they differ very much in their conducting 
power* Metak are the best conductors of heat; but the 
condttctmg powers of these substances are by no means 
equaL Stones seem to be the next best conductors. ' 
Glass conducts heat very siowly ; wood and charcoal still 
slower \ and feathers, silk, wool, and hair, are still worse 
conductors than any of the substances vet mentioned. 

The best conductors of electricity and galvanism - are 
^so the be^t conductors of heat. 

Experiment L 

i 

Take a number of straight wires of equal diameters 
and lengths, but of- different metals^ for instance, gold, 
silver, copper, iron, &c« cover each of them with a thin 
coat of wax or tallow* and plunge their extremities into 
water kept boiling, or into melted lead. The melting of 
the GOit of wax will show that caloric is more quickly 
transmitted through some metals than others. 

It is on this account, also, that the end of a glass rod ^ 
may be kept red-hot for a lonn" time, or even melted ^vrth- 
out anv inconvenience to the hands which holds the other 
extrtmuy ; though a similar metallic rod heated in the 
same manner would very soon become, too hot to be held. 

The precedinc; observ;Uions apply only to the conduct- 
ing power of solids. With respect to fluid^i, two opinions 
are at present entertained ; one which considers them as 
capable of conducting caloric, though very imperfectly ; 
the other which supposes them absolutely impermeable to 
this power. 

Count Rumfovd was the first who endeavoured to prove 
liiat fluids in general^ and aeriform bodies^ convey heat on 
adiffisrent principle from that observed ia solids. Accord- 
ing to this philoBophtfr, caloric is propagated through fluids 
sokiy by the amccessive wd actu^ apfiicsition of the fluid 
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to the heated part, and the portion so heated gives none of 
its caloric to the rest of the mass. Although the particles 
cf anv fluid individually can receive heat Irom other 
bodies, or communicate it to them, yet among these parti- 
cles themselves, all interrhang-e and communication of 
heat is absolutely impossible. Fluids, therefore, according 
to count Rumford, are perfectly non-conductors of heat. 

It may appear at first sight that fluids are conductors, 
for they can be heated as well as solids, and heated too 
COnsideralilv without sensiblv changing iheir st.atc oi exist- 
ence. But fluids dilier Iroiii solids in one essential parti- 
cular : their particles are at full liberty to move among 

.themselves, and they obey the smallest impulse; while 
the particles of solidsy from the very nature of these bo- 
dies, are fixed and stationary. One of the changes which 
caloric produce ib, as stated befote, expansion, or increase 
of bulk ; and this increase is attended with a propomonal 
diminution of specific grafvity. Therefore, whenever ca- 
loric combines with a stratum of particles, the whole 
stratum becomes specifically lighter than the other parti- 
cles. This produces a change of situation in solids ; but 
in fluids, if the heated stratum happens to be below the 
other strata, it is pressed upwards by them> and being at 
liberty to move, it changes its place and is urged up to 

, the surface. 

In fluids, then, it makes a very great ddh rence to what 
part of the body the source of heat is applied. If it be 
made to act at the highest stratum of all, or to the surface 
of the liquid, the caloric can onlv make its way down- 
wards, as through solids, by the conducting power of the 
fluid ; but if it be applieii to the lowest stratum, it makes 
its way upwards independent of that conducting power, in 
consequence of the fluidity of the body, and the expan- 
sion of the heated panicles. The lowest stratum, as soon 
as it combines with a dose of caloric, becomes specifically 
lighter and ascends* . New particles approach- die source 
of heat ; combine wilh it in their turn, and are displaced. 
In thb manner all the parddes come one after another to 
the source of heat ; of course the whole of them are 
heated in a very short time, and thef caloric is carried al* 
most at once to much greater distances in fluids than in 
my solidwhateyer* Fluids, therefore, have the property 
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of carrymg or tyansporUng caloric ; in consequence of 
which they acquire heat^ independent altogether of any- 
conducting power, according to count Rumford's theory, 
and hence all fluids are considered by him, as stated be*' 
fbref in a similar respect as absolutely nwk-e9nduet9r9 of ca» 
loric. , They can receive it £rom substances, andean give 
it to o^er bodies, but no particle can eitherreceive it from, 
or ^ve it to, another particle. Before a fluid, therefore, 
can be heated or cooled, every particle, as stated before, 
must go individually to the veiy substance from which it 
receives^ or to which it gives^ ciucnic« Heat being there- 
fore only propagated in fluids in consequence of the inter- 
nal motion of their particles which transport the heat ; 
the more rapid these motions nrc, the more rapid is the 
communication of heat. The cause of tliese motions is 
the change in the specific gravity of the fluid, occasioned 
by the change of temperature, and the rapidity is in pro- 
portion to the change of the specific gravity of the liquid 
by any given change of temperature. The following ex- 
periment has been advanced to illustrate diese facts. 



. ' £XFBRIX21IT IL 

Take a thin glass tube, eight or ten inches long, and 
about an inch in diameter. Pour into the bottom part 

for about the depth of one Inch, a little water coloured I 
with Brazilwood or litmus^ and then fill up the tube with ti 
common water, extremely gently, so as to keep the two 
strata quite distinct from each other. Having done this, . ! 
heat the bottom part of the tube/)ver a lamp, the coloured 
infusion will then ascend and gradually tinge the whole 1 
fluid ; the water in the upper part of the tube may be 
made to boil, but the colouruig matter will remain at the 
. bottom undisturbed. The heat cannot act downwards to i 
make it ascend* 

By thus being able to make the upper part of a fluid 
boil, without heating the bottom part, water may be kept 
boiling for a considerable time in a ^^ass tube over iee 
without melting it* 

Other experiments illustrating the same principle mi^ 
be found in count Romford's £Btays> espeualfy in essay 
thenh>im« 
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The results of his experiments, which are contained in 
tlie above essay, are highly interesting ; but experiments 
lately made on the same subject, have sufficiently con- 
vinced us, that the Count's position is founded in error; 
they do not prove that fluids are non-conductors, but 
rather the contrary : all liquids whatever are capable of 
conducting caloric. When the source of heat is applied 
to their surface, the caloric gradually makes its way down- 
wards, and the temperature of every stratmn gradually 
dimmishes from the surface to tlie bottom of the liquid. 
The increase of 4emperature^ in this case, is not owing to 
the carrying power of the fluic|« By that power, caloric 
may, indeed, make its way upwards through fluids,' but 
ceitainly not downwards* Liquids, then, are conductors 
of caloric. This, however, will become more evident 
from the following experiments made by Dr. Thompson 
and Mr. Murray, and Mr. Dalton. 

That liquids are conductors of caloric, Dr. Thompson 
p|oved in the following manner. The liquid whose con- 
ducting power was to be ascertained, was poured into a 
glass vessel till it filled it about half way ; then a hot li* 
quid of a less specific gravity was poured over it. Ther- 
' mometers were placed at the surface, in the centre, and 
at the bottom of the cold liquid ; if these rose, it followed 
that the liquid was a a conductor, because the caloric made 
its way downwards. For instance, to examine the con- 
ducting p')wer of mercury, a glass jar was half filled with 
that metal, and boiling water then poured over it. The 
thermometer at the surface began immediately to rise, 
then the thermometer at the centre, and lastly that at the 
bottom. T}ie fast rose to IIS"^, the second to 90*^, the 
third to 86^ : the first reached its maximum in l', the 
second in 15^ the third in 25'. The conducting power of 
water was tried in the same manner, only hot oil was 
poured over it. A variety of precautions were necessaiy 
to ensure accuracy ; but tat thes^ we refer the reader to 
the ejmeriments themselves, which are detailed in Nichol- 
son's Journal.*^ 

These facts have been since confirmed by a very ingeni- 
ously contrived and convincing experiment made by Mr. 
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Murray* To prevent tlie possibility id vay heat being 
conducted by the apparatus, be emfdoyed a vessel of ite, 
which is incapable of conducting any degree of heat greater 
than 32** In this vessel Mr. Murray made experiments 
of the same nature with those just mentioned^ and the 
result was the same. The thermometer constandv rose 
upon the application of a hot body to the surface of the 
liquid in which the thermometer was standing.* Mr, 
Dalton has likewise published lately a set of experiments 
almost exactly of the same nature with Dr. Thompson's, 
and with the same result. From the date aflixed to his 
paper we learn, that his experiments had been made, and 
an :iLcoinu oi ihem read to the Manchester Society just 
about the same time that Dr. Thompson was drawing up 
an account of his ; though they were not published till 
about two years after.f 

Fluids^ then, so far as experiments have been made, 
are conductors of caloric as well as solids. Hence it fol- 
lows that all bodies with which we are acquainted are 
capable of conducting caloric* * 
• On the bad conducting power of. different bodies is 
foimded the well-known facts, that of the different sub- 
stances used in clothing, hares fur and eider-down are 
the warmest; next to these, beavers fur, raw silk, sheeps 
wool, cotton-wool, and, lastly, lint or the scrapmgs of fine 
linen* In fur tiie air interposed among its particles is so 
engaged as not to be driven away by the heat communi- 
cated thereto by the animal body ; not being easily dis- 
placed, it becomes a barrier to defend the animal body 
Iroiu the extcruid cold. 

Hence it is obvious that those skins are warmest which 
have the finest, longest, and thickest fur ; and that the 
furs of the beaver, otter, and other like quadrupeds which 
live much in the water, and the feathers of water-fowl, 
are capable of confining thef heat of those animals in wlh- 
ter, notwithstanding tha coldness of the water which they 
frequent. 

Be^, and various other animals, inhabitants of cold 
climates, which do not often take the water, have th^ir 
fur much thicker on their backs than on their bellies. 

* Manchester Memoin^ Y- t ^^o. 1. 
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The snow, as a li^lit porous body, which covers the 
aiirfacc of the earth in winter in hij^h latitudes, is doubt- 
less designed as a garment to defend it against the pierc- 
ing winds fi'om the polar regions which prevail during 
the cold season. 

Witlioat dw^dlii^ Initker upon the plulosophy ofthb 
tnithf we mutt bri^ ranarL that the happy applicatkm 
of this law satlaftctorily elucidates some cn llio meat is* 
teresting lacta of the eoonoiiiy of natuiv* 
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THEORY OF CALOIUC OF FLUIDITY, 
OR LATENT HEAT. 

THERE are some bodies which, when submitted to 
the action of caloric, dilate to such a degree, and the 
power of aggregation subsisting among their particles is 
so much destroyed and remo\ t d to such a distance by the 
interposition of caloric, that they slide over each other 
in every direction, and therefore appear in a fluid state. 
This phenomenon is called fusioiu Bodies thus rendered 
fluid by means of caloric are said to ht fitted^ or mMs 
and those ^lait are subject to it are calkd/u^fMr* 

The gteaitcr number of solid bodies may, by the appli* 
cation of heat» be converted into fluidSf and most pnjiift- 
hty all would be so were we able to exciie a sofident dft- 
gree of heat. Thus metab may be fused i iMlphiiir»resia» 
phosphorus, may be melted ; tee may be converladl into 
water, &c. 

Those bodies which cannot be rendered fluid by any 
degree of heat hitherto known'are called JixidyOtn^iMk* 

If the effects of heat under certain. ctrcumstances be 
carried still Airther than is necessary to render bodiea 
fluid, vaporization begins ; the bodies then become con- 
verted into the vaporous or gaseous state* Vaporization, 
however, does not always require a previous fusion. Some 
bodies are capafaie of bekig coareyted into the vapouous 
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slate wkhoot pwiousty beeoniiig fluid, and others can- 
not be volatilized at any temperature hitherto knovm. 

Fluidity is, therefore, by no means essentia! to any spe- 
cies of matter, but always depends on the presence of a 
quantity of caloric. Solidity is the natural state of all bo- 
dies, and there can be no doubt that every fluid is capa- 
ble of beinj^ rendered solid by a due reduction of tem- 
perature ; and every boVid mny be fused by the agency of 
caloric, if the latter do not decompose them at a tempe- 
rature inferior to that which would be necessary for 
their fusion. 

CALORIC OF FLUIDITY. 

Dr* Black was the first who proved that whenever ca« 

loric combines with n solid body, the body becomes heat- 
ed only until it is rendered flaid ; - or that whenover it has' 
acquired the fluid state its temperature remains station- 
ary» though caloric is continued to be added to it. The 
same is the case Avhen fluids are converted into the aeri* 
form or vaporous state. 

From these facts the laws of latent heat have been in- 
ferred. The theory may be illustrated by means of th« 
foUowing experiments : 

£xP£RI]li£NT I. 

If a lump of ice at a low temperature, suppose at 22^, be 
brought into a warm room* it will become gradually less 
ttMf aa may be discovered by means of a thermometer. 
After a very short time it will reach the temperature of 
SS* (the mesing point) but there it stops. The ice 
then begins to melt ; but the process goes on veiy slowly. 
IHviag the whole of that time its temperature continues 
at 32* ; and, as it is constantly surrounded by warm air, 
we have reason to believe that caloric is constantly enter- 
ing into it ; yet it does not becMne hotter till it is changed 
into water. Ice, therefore, is converted into water by a 
quantity of caloric uniting- with it. 

It been found by calcidation that one pound of ice 
in melting absorbs 140** of caloric, the temperature of the 
water produced still remaining at 32«. 

This fact may be proved in a direct manner. 
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Take erne poundc^icealdd* reduced to a come fioir- 
der ; put it into a wooden bowl^ and pour over it gradu- 
ally one pound of water heated to ITU* i all the ice will 
become melted, and the teiiq[)erature of die whole ittid» 
if examined by a thermometer, will bjp : 140o of cap 
lor^e are therefore lost, and it is this quantity which was 
recnusite to convert the ice into water. 

This caloric has been called kOerU caloric^ or rather 
caloric of fluidity ; because its presence is not measurable 
by the thermometer. 

Dr. Black has ^so ascertained by experiment, that the 
fluidity of melted wax, tallow, spermaceti, metals, &€• 
is owing to the same cause, and Ladriari proved that 
this is the case with sulphur, alum, nitrate of potash, &c. 

We consider it therefore as a general law, that when- 
ever a solid is converted into a fluid, it combiner .with 
caloric, and that is the cause of fluidity. 

On the sudden transition of soUd^ into fiui4s is found- 
ed the well known • 

PRODUCTION OF ARTIFICIAL COLD, BY 
MEANS OF FRlGOJblXf iC MIXTURES. 

^ ▲ jumibcr of ezfierimenta have been htdjr made bv 
diffierentplnlosophen, in ovder to {iroditoe artificial cqid. 
And as Uiese methods are often employed in cbomistry 
witLaviear^to expose bodies mibe influence of very low 
tempeiaturesf we shall enumerate th^ different substan- 
ces which may be made use of for tfifC nmposey and the 
degrees of cold which they are capable of producing* We 
^ indebted far diem to Pcnys^ WsAker, and JLow^^^ 



' TABLE OF FREEZING MIXTURES. 





ThenMmHer iMs. 


xviunaDe oi ftainioiiiift 5 parts 
Nitrate of potash • • 5 - 

* 


* 

From 50* to lO*. 


Muriate of ammonia 5paiti 

Nitr ite of potash • • 5 
Sulphate at a^da • • 6 


From 50«» to 4*'. 


Sulphate of soda . . 3 parts 
Diluted nitric acid • 2 


From 50« to 3<». 


Sulphate of soda • . S parts 
Muriatic a^ • • • S 


From 50«» to O*'. 


Muriate of soda . . 1 


Frtim 32*' to 0<». 


Snow or pounded ice 2 parts 
Muriate of soda . , 1 


From 0*» to — SK 


Snow or pounded ice 1 part 
Muriate of soda . . 5 
Muriate of ammonia £c 
Nitrate of potash • . 5 


Fram-*5*to«^18S 



• - ' .» ■ . , 1*-'. «» » 



TABLB OP FSBBSBDfO mxrURBSpONTI 





ThemmtUr sink9* 


Snow or pouDded ice 12 p4it$ 
Muriate of soda • 5 
je^itinlie Qf ammioiua .5 ... 




[Snow and •. * 
Diluted nitric acid 


Frpm to ii6», ' 


Muriate ol lime • mparts 
Snow , , . . 2 


From ittto— ^SO^* 


Potash .... 4 parts 
StlQW ^ . • • . 3 


From 92V1lo^^ 


Boow.,..,,..... 
Diluted sulpiiuric acid 1 

DUttte4 pitric ai;id_i^ 


Prom— .10*:ib— ^6^ 


Si«>w • ' • • ; ' ( 1 part 
Qibited sulpbttricj^d 


' ' { - . • i-' 

From 20" to— 60'» 


Muriate of liDAe «. 2 parts 


From 0* to— 66*>. 

to 


Muriate of JLime • dfi^utf 
Snow • • • ' • 1' 


Frcwi— 40^ to«^r3^ 



Digitized t>y GoAgle 



118 TMt tfFreninf Mxttrea cmttimud. 



TABl£ OF f JBEEZING MIXTOSES CONTIN UBDl 







Dilut. sulphuric acid iOparts 


FrooH^ea* to— 91*. 


Nitrate of ammonia 1 pare 
Water . • • • t 


From 50* to 4<'. 


Nitrate of dmuonia 1 part 

CarboaalfriyfsodA ^ 1 
Water • . • • 1. 


mm • M 

From 50* to ^ 


Sulphate of 8o4i^ * eports 
Muriate of ammonia 4 
Nitrate of potash . 2 
Diluted Nitlic acid 4 


£rQm50<» to 10?« 


Sulphate of soda • Mparts 
Nitrate of Ammonia 5, 
Diluted nitric acid • 4 


From 50* to, 14<». 


Phosphate of soda 9 parts 
Diluted nitric acid . 4 


From 50<> to 12*. p 


Phosphate of sbrla 9 parts 
Nitrate of ammonia 6 
Diluted nitric acid . 4 


From 50° to 2lK - 

» - » .1 


Suiphate of soda . 5 parts 
Diluted sulphuric acid4 


Froqa ^O9.to$**« . 

* * - - 
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MANAGEMENT OF THE PRECEDING MIX- 
TURES FOR PRODUCING COLD. 

To produce the efFecta before stated, the salts must be 
reduced to powder, and contain their full quantity of water 
of crystallization. The vessel in which the freezing mix- 
ture is made should be very thin, and just large enough ta 
hold it ; and the materials shoiUd be mixed together as 
«xpediti(Nisly ts possible^ takuig care to stir the mi^^ture 
al the Mune time with a rod of |dft88 or wood* 

In order to obtain the IuH msct^ the mMerials ought 
to be first coded to the temperatme marked in ike teile, 
hy introducing them^ loio some of the odwr frigorific 
mixtures, and then ming^g the^ together in a similar 
mixture* If, for instance, we wish to produce as «»46% 
the snow and diluted nitric acid ought to be cooled down 
to O*', by putting the vessel which contains each of them 
into the fiith freezing mixture ui the above table before 
they are mingled together* If a more intense cold be 
required, the materials to produce it are to be brought 
to the proper temperature by being previously placed in 
the second freezing mixture. 

This process is to be continued till the required degree 
of cold has been procured* 



SECT. IX. 



CONVERSION OF SOLIDS AND FLUIDS INTO 
THE AERIFORM OR GASEOUS STATE. 

We have seen before that in order to render solids 
fluid, a certain quantity of caloric is necessary, which 
combines with the body, and therefore cannot be measured 
by the thermometer ; we shall now endeavour to prove, 
that the same holds good in respect to the conversion of 
solids or fluids into the vaporous or gaseous stater 



190 Convernm of Fkada mta Gaseous State, 

CONVERSION OF SOLIDS INTO THE CASE- 

^ OUS STATE* 

» r 

EZPKBIMEIIT !• 

Tak* a iuaXL qvaiadty ci cvImmim of aaunonia, in- 
troduce it into A retott^ tiM meek of wUcb U directed 
under a odkder fitted with meremy and jirrerted in a 
bem of the wmom fluid. > Ob applying^ heat to tint body 
of the rdoity the carbonate of aianionni vnHht Tolatilised# 
it will expd the mercury out of the cyHnder, ldul.b€canio 
an invisible gas, and would remain ao, if ita teaapetature 
was not lowmd. 

The same is the case wkk benzoic acid, eanqihor^and 
various other aubatanoes* 



SECT. IL 

CONVERSION OF FLUIDS INTO THE GASE- 
OUS STATE. ^ 

" r 

All fluids may, by the application of heaty be convert- 
ed into an aeriform clastic state. 

When we consider water in a boiling state, we find that 
this fluid, when examined by the thermometer, is not 
hotter after boiling several hours than when it began to 
boiU though to maintain it boiling a brisk lire must neces- 
sarily, be kept up. What then, we may ask, becomes of 
the wasted caloric ? It is not perceptible in the water, nor 
is it manifested by the steam ; for the steam, if not com- 
pressed, upon examination, is found not to be hotter than 
boiling water. The caloric in therefore absorbed by the 
steam ; and although what is* so absorbed is absotately 
necessary for the conversion of water into the form of 
steam, it does not increaiie its 'temperatnre» and is there- 
fore not iqypreciable by the thermometer. 

Thn conclusion bfurdier strengthened by the be^t 
given out by steam on* its being condensed by cold. This 
is particuboiy manifested in the condensation of this fluid 
in the process of distilling, where, upon examining the 
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^ ^refrtgdhitOEy, it will lie found a much greater quan- 
* * i» ti^ of caloric ^ communicated to it dwn could possibly ' i 

% \ iwve tieeivti|msmitted by the cokric which was' sensib^ 

^odng before the condensation* This may be easily ascer* . * * ' \ 
Gained by observing the quantity of caloric communiciited 
; V ^ water in the refrigeratory of a> still) by any given 
•« ' , quantity of liquor that passes oter it. 

1^^ The (foirtiig^oints of different Jiuids are influenced bif * ' 
» ^ "** . atmoipheri^fremue» * ; *" 

* * * The boiling point, or the convenioitof fluids ihlEd gases 

Tor "vapours^ always takes place at certain temper^ureSf * , . 
^ . which is diiferent iit di^evenV provided the pre^ 

. ' 5ure of die atmosplyi^ be the same* ■ \ ' ' *' : , 

i *. . . ; , 

• ^ Experiment < » i %* 



igut any qifaqti^t^^^^^^P^^^v into , a florence' 
flask» suspend a thernipmeter In it, and hold the flask 
over ap Argand's lamp Vthe ether will immediately begin 
^ to boil, and the thermometer wUl indicate Qft*" if th^ether 
has been highly rectified. 

-Experiment II. ' 

If hif^ly rectified ardent spirit is heatiedin a similar 
* manner, the thermometer wnt- rise to* 176^, and thare. 
remain stattonarjF. ' , . - ^ 

ii^XPfiAIMENT III. > 

If water h substituted, it will rise to 213^ 

■» . 

ExPBRIjDtENT IV. * . 

If stron?^ nitrous acid of commerce be made use of, it 
will be found to boil at 248^; sulphuric acid at 546** ; 
anfl mercury and linseed-oil at 600?",^ &c. ' 

. -It. The hoiBng poha of fiuuk h retarded. ^ preuufe* 

•m 

Mr. Watt heated water under a strong pressure to 400^. 
Yet still, when the pressure was removed^ only part of 
the water was converted into vapour; and the tempera- 
ture of this vs^ur, well as that of the remainiag fluid, 

voi- I* ^ l^ 
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was no more than 21 2*^. There were therefore 188* -of # 
caloric suddenly lost. This caloric was carried off hy the 
steam. Now ns only nhnut ' of the writer was converted 
into steam, that steam must contain not only its own ., 
188* but also the 188^ lost by each of the other four * 
parts ; that is to say, it must contain 1 HH^ x 5, or -dhnut \ 
940^. Steam» therefore, is water combined with at least 
940" of caloric, the presence of which is not indicatt^d by 
the thermometer* . • . • * ' . 

• '■ -% 

3. IVheh pressure h removed from the surface of bodies 
their converahn into fhe q-aseous state is ^reuthf faoiii' » 
tated^ or ^heir boiling poi^t is towered. 

In proof of this the foUoving expenments may sei^rs. 

* « 

Experiment I. * '* 

Let a snuiH bottle be filled with highly rectified sul- 
phuric ethef, and a piece of wetted bladder be tied over 
its oitfcc aiOQod its neck. Transfer it under th$ rooeiY* 
er of an air-pump, and take away the superincumbent " 
pressure of the air in the receiver. When tbe exhaustion 
IS complete, pierce the bladder by means of a pointed 
sliding- wire, passing through a collar of leather which 
covers the upper opening of the receiver. Having done 
thi^, the ether will instantly begin to lx»il, and becottio 
converted into an invisible gaseous fluid. 

£XP£RIM£I4T XL 

m m 

Take a smalf retort or Florence £a5k, iiH it one balf or 
less with water, and make it boil over a 'lamp: when 
kept briskly bolBng fer about five minutes, cork the mou^ 
of 4ie retoit as expeditiously as possible, and remove it 
from the lamp. « • 

The water, on being removed from the source of heat, 
will keep boiling for a few minutes ; and when the ebul- 
lition begins to slacken, it may be renewed by dipping t 
the retort into cold water. 

The water during boiling becomes converted into va- 
pour : this vapour expels the air of the vessel, and occu- 
pies its place : on diminishing the heal) it condenses ; when 
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the retort is stopped, a partial vacuum is forn^, the 
pres3ure becomes diminiflhed, and a less degree oReat is 
sufficiflDt to cftuaf an ebullition*^. . ' . 

F(Mr ^e same reasoOf mter may .be mlulc^to boil undgr 
^e ezfaauflled receiver at 94^' Fahr. or even at a Qukh 
%Q(W9t ^^ttt $ altoliol |tt 56S and ether at 90^* 

On the ooavertion of fluida into gaaes is founded the 
foUowinlf experiment : ■ . 

•> * ExpERixcirr III. « 

To freeze water bf^ means of sulphuric ether* 
' » • 

Take a tlun glass tube, four or five inch& long and 
about two or three eights of an inch in diameter, and a 
two oimce bottle> funushed with a capillary tube fitted to 
its neck. In order to make ice, pour a little water mto 
the tube ; taking care nOt to wet w outside^ nor to leave 
it moist. Having done this, let a stream of sulphuric 
ether fall through the capillary tube apon that part of it 
containing the water, which by this means will be 
converted into ice in a few minutes ; and this it will do 
even near a fire, or in the midst of summer. 

If the glass tube containing the water be exposed to the 
brisk thorough air or free draught of an open windw, a 
large quantity of water may be frozen in a shorter time : 
and it" a thin spiral wire be Introduced previous to the 
congelation of the water, the ice will adhere to it, and 
may thus be drawn out conveniendy. 

A person might be easily frozen to death during very 
WBrin weather, by merely pouring upon his body for some 
time sulphuric ether, aud keeping him exposed to a tho- 
rough draught of air* 

ARTIFICIAL REFRIGERATION. 

*The cooling or refrigeration of rooms in the summer 
season by sprinkling them with water, becomes likewise 
obvious on this account. ««. 

The method of making ice artificially in the^ast J^uSes 

Depends on the same principle. The-ice makers at 
Bbnares dig pits in large open pluns, the bottom of which 
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the> st^fw wilh sugar cancBi & driedBtems of tnaize ' ^ 

^ Indian oora* Upon tlus bed they place a number of nn- \« 
' ghzed pani, made of so^poiouB an eartti tiwt the walet « 

penetrates through their whole substance* These pans - 
are filled towards evening, in the winter season, with water 
that has boiled^ and Ie& in that situation till nfiorninn^ 
when mope or less ice is found in them, according to- the 
temperature of the air ; there being more formed in dry 
and warm weather than in that which is oloudy^ though ' * 
it may be colder- to the human body. ^ . ^ 

c Every thing in fhis procrss is calculated to produce cold ^ 
' ■ ' by evaporation ; the beds on which the pans are placed ^ • 
suflFer the air to have a free ]^ assage to their bottoms ; and 
the pans constantly oozing out water to their extetnal sur- > 
face, are cooled by the evaporation of it. ' - ' 

|n Spain they use a kind of earthen jars called buxarosy 
wbich are only half-baloed j the earth of which » so por^ 
ous, that the outside is kept moist by the water wqich 
filters through it^ and thou^ placed in the sun, the water ' 
in the jar becomes as cold as ice.* 

It is a common practice in China to pool wine or otheir 
liquors by wraf^ipg the bottle in a wet cloth, and hang^ 
ing it up in the sun. The water in the cloth becomes 
converted into vapour, and thus cold is produced. 

Xhe blacks in Senegamhia have a similar method of 
coolint^ water, by hihng tanned leather bags with it, which 
they hang up in the sun ; the water oozes more or less 
through the leather, so as to keep the outward surface 
wet, which, by its quick and continued evaporation, cools 
the water remarkabl)-. 

The winds on tiic buideis oi the Persian Oulph are 
olten so scorching, that travellers are suddenly suffocated 
unless they cover their hiSftds with a wet cloth ; if this be 
too wet they immediatdy ft^\ ao^intolerjible cold, whicK > 
would prove fatal if ithe moisture was not speedily dissi- 
• pated by the heat. 

If a cold vessel is brought into a warm room, particu- 
larly where many people are asseinbled, the outside of it 
will soon become covered with a sort of dew. 

Before some changes ^ weather the stone pavements, 

* TvWft IVavds through Fartngsl mid S^iain. Simil v jm are now 
/ miLde in this cmalxy. 
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the' walls of a house, the balustrades of stairtases^ and- 
other solid objects^ feel clammy and damp. 

In frosty nights, when the air aln oad is c<jkk'r than the 
air within, the dampness of this air, for the same reason, 
settles on the glass panes of the windows* and is there 
frozen into curious and Ix autiful figures. 

Thus fig's and dtzvs take place, and in the higher re- 
gions cloiuh are formed from the condensed vapour. The 
Still greaier condensation produces mists and rain. 

, SECT. XI. 

k ft 

ft ' * ft , f 

* CAPACITY OF BODIES FOR CONTAINING 

U£AT. 

The property which different bodies possess of con- 
taining at die same temperattiref and hi equal quantities, 
either of ^masa or bu^c, unequal quantities of heat, is 
called their capacity for heat. The capacities of bodies 

for heat are tnerefore' considered as great or small in the 
ratio as their temperatures are either raised or lowered by 
the addition or diminished by tl^e deprivation of equair 
quantities of heat. 

In homogeneous bodies the quantities of caloric which 
they contain are in the ratio oi their temperature and 
quantity of n^ass ; for instance, when equal quantities of 
water, oil, 6r mercury, of unequal tempcr^res, are 
ming^d together, the temperature of the whw will be 
the arithmetical mean between the temperatures of the 
two quantities that' had beAtnixed together* It is a self-* 
evident tmth thatjthis jhcwBl Be the case ; for tHeiMUti- 
cles of different portions of .the same substance being 
alike, dieir effects must be equal* • For instance, 



EXPERiM£NT 1. 

Mix a pound of water at 172** with a pound at 32?, 
half the excess of heat in the hot water will quit it, to go 
over into the colder portion : thus the hot water will be 
cooled^ 70^, and the cold will receive 708 o£ temperature; 
therefore 172—70, or 32 + 70 % lOS will give Ch6 heat 
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12^' ^ Capacity qf MBitits for- cotUmmn^ Seat. 

of the mixture. To attain the arithmetical mean vciy 
exactly, several precautions however are necessary.* 

When heterogeneous bodies of different temperatures 
are mixed together^ the temperature produced is never 
the arithmettcal mean of the two original temperatures. 

In order to ascertain the comparative quantities of hetA 
of Cerent bodies, equal wei^ts of them are mingled 
together ; the experiments for this purpose being in ge« 
neral more easily^ executed than those by which they are 
compared from equal bults. 

' KxpsKiMBirr It* . •• • . 

It* one pound of mercury heated to 1 10^ Fahr. be added 
to one pound of water of 44<» the temperature of the 
blended fluids will not be changed to 77**, as it would be 
if the surplus of heat were divided among those fluids in 
the proportion of their quantities. It will be found on 
examination to be only 47^, 

EXF£RIM£NT III. * 

• 

• On the contr&rjs if the pound of mercury be heated 
to 44^^ the watery 110% then, on stirring them to- 
gether, the common temperature will be 107^* 

. Hence, if the quicksilver loses by this lUstribution 63^ 
- of caloriC||^n equal weight of water gains only 3^ from 
this \ossm 63 *> of heat* And on ^e cj||roiy» if the 
water Icfls 3^ the mercury gains 63<** 

When instead of comparing the quantities of caloric 
which equal weights of di ffij^ nt bodies contain, we com- 
pare the quantities in eqtraCw/wwe^, we still find that the 
same difference takes place. 'Ulus it is /ound by experi- 
ment, that the quantity of caloric necessary to raise the 
temperature of a given volume of water any number of 
degrees is to that necessary!) to raise an equal volume of 
mercury the same number of degrees as 2 to 1. This is 
therefore the proportion between* the comparative quan- 
tifies of caloric which ^ese imo bodies contain, estimated 
by their volumes ; ana similar diimncea ezbt with re- 

• spect to every other kind of matter* 

• 

* Cnwiord on Aaimal HcAl^ p. lie. 
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From tiie nature of the experiments by yAath the 
quantities of caloric which bodies contain are ascertained^ 
it is evident that we ^scover merely the cmparatwe^ not- 
the absohite^ quantities. Hence water has been chosen as 
a standard) to which other bodies may he referred : its 
capacity is stated as the arbitrary tcnn of looo, and with 
this the capacities of other bodies are compared. 

It need not be told that pains have been taken to esti- 
mate on these experiments that portion of heat which 
diffuses itself the air, or into the vessels where the 
mercury and w^ter are blended together. As, however^ 
such valuations cannot be made with complete accuracy, 
the numbers stated above are only an approximation to 
.froth* 



' SECT. US. 

' ' RADIATION OF CALOftlC. 

CAI>ORIC is thro^vn off or radiates from heated bo- 
dies in right lines, and mm ts through space with incon- 
ceivable velocity. It is rctardt d in its passage by atmos- 
pheric air, by colourless fluids^ giass» and other tianspa- 
rent bodies. 

For if a glass mirror be placed before a fire, the mirror 
transmits the rays of light, but not the ravs of heat. 
, If a plate oCckss, talb, or glass vessel filled with water^ 
be* suddenly jmerposed between the fire and tfa« eje, the 
rays of light pass through it^ but the raj^i^iof caloric are 
ccmsiderably retarded in its passage ; £ar ne^^ticMfn per- 
ceived Until the interposed|t(ttb8tance is saturated with 
heat, or has reached its maommlhu It then ceases txf in- 
tercept the rays of caloric, and aOows them^^ pass as 
. freely as th^' rays of light. 

It has been lately shown by Dr. Herschel that the rays 
of caloric are refrangible, hut less so than the favs of 
lit;ht ; and the same phiie^pher has also proved by ex- 
periment, that it is not odt^ the rays of c aloric emitted 
by tlie sun which are refrangible, but lilcewise the rays 
emitted by common fires, by candles^ by heated iron, 
. and even by hot water. 

Whether the rays of caloric are differently refracted 
in. different mediums has not yet been ascertained. We 
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are certain, liowever, that they are refracted by ail trans- 
parent bodies which have been employed as burning glas- 
ses. The rays of caloric are also lefleeted by polished 
surfaces, in the. same manner as the rstys of light. 

This was long ago noticed by Lambert, Saussure; ^ 
Scheeie, Pictet, and lately by Or* Herschel. 

Professor Pictet placed two concave metallic mirrors 
opposite to each other, at the distance of about twelve 
feet. When a hot body, an iron bullet for instance, was 
placed in the focus of the one, and a mercurial thermome- 
ter in that of the other, a substance ntdlated from the 
bullet : it passed with incalculrihle \ eloclty through the 
air, it was refiecteci ircnn the mirrors, it became concen- 
trated, and influenced the thermometer placed in the 
focus according to the degree of its concentration. 

An iron ball two inches in diann ter, heated so that it 
\yas not luminous in the dark, raised tiie thennometer not 
less than ten and a half degrees of Reaumiur's scale, iitt 
six minutes. 

A lighted candle occauoned a rise in the thennometer 
neariy the same. 

A Florence flask containing two ounces and three 
drachms of boiling water raised Fahrenheit's thermomdter - 
three degrees. He blackened the bulb of his thermome-' 
ter, and found that it was more speedily influenced by 
the radiation than before, and that it rose to a greater 
height. 

M. Pictet discovered another very sin^i^ fact; viz* 
the apparent radiation of cold. When, instead of a heat- 
ed bodjr, a Florence flask full of ice or snow is placed in 
the focus of one of the mirrors, the thermometer placed 
in flie focus of the othe# immediately descends, and as- 
cends again whenever the cold body is removed. 

This phenomenon may be explained on the^ supposition 
that £romevery body at every temperature caloric radiates, 
butjn less quantity as the tempepture is low ; so that in 
the above experiment, the thermometer gives out more 
caloric by radiadon than it receives from &e body in the 
opposite focus, and therefore its temperature is lowered^ 
Or as Pictet has supposed^ when a number of bodies near 
to each other have the same temperature, there is no . 
radiation of caloric, because in all of them it exists in a 
state of equal tension ; but as soon as a body at an inferior 
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temperature is introduced, the balance of tension is bro- 
ken, and caloric begins to radiate from all of them till 
the temperature of thrit body is raised to an equality with 
theirs. In the above experiment, tiierefore, the placing 
the snow or ice in the focus of the mirror causes the ra- 
diation of caloric from the thermometery and hence the 
diminutioii of temperature which it sidlen* 

Hiese eneriments have been btely repeated by Dr« 
Young and Profesaor Davy, at the Theatre of the Royal 
Institution* These gentlemen inflamed phosphorus by : 
reflected caloric; and proved that the heat thus excited 
was very sensible to the organs of feeling* 

Mr. Leslie* has lately made a number of expertmente 
on this sulMect, which are highly interesting. He used 
a variety of reflectors, carefiiBy constructed of block-tin, 
and chiefly of the elliptical form. Sometimes he found 
the parabolic curvature convenient, especially when the 
reflection was made at considerable distances. The heat 
vas given out from cubical boxes of plain and polished 
tin, witJi an orifice at the top, tlirough which water of va- 
rious temperatures was introduced, and a common mer- 
curial thermometer occasionally plated in that fluid, to 
note the progress of its cooling. When the radiation of 
cold was to be tried, the canisters were filled with ice or 
snow. The differential thermometer being placed so 
that the ball containing the red liquor was in the focus of 
the speculum, and the canister being filled with boiling 
water the red liquor rose to a certain height, and then 
' began to fall in proportion as the water cooled. A similar 
effect, though in the contraiy direction^ was produced by 
a caiuster filled wMi ice ; and, in every case, the motion 
of the red liquor, above or below the point of equilibrium, 
was exactly proportional to the diflerence between ih^ 
temperatures of m canister and the surrounding air. 

^ If different substances were applied to the canister while 
. giving out heat, the degree of its emission suffered very 
singular changes* If one side of the canister was coated 
with lamprblack, another with writing paper, a third with 
crown glass, and the fourth left bare, or covered with tin- 
ibil— the differential thermometer rose to 100, 98, 90, 
and 12 respectively, when these four sides were e^iosed 
to the speculum in succession* The metal surfiic^) then. 
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gave out heat about eight tunes less copiously than the 
other three substaDces* • By coating the focal ball of the 
dtfierenttal thermometer with tin-foil, it was found to re- 
ceive about five times less heat from any side of the can- 
ister than when it was exposed bare in the focus ; and 
by coating ^e surface of a concave glass minor, first with 
black pigment, then with tin-foil, and lastly exposing it 
bare to the heating body, it was found that the glass re- 
flected very little heat, the pigment none at all, and the 
tin-foil ten times more than the glass* The metallic sur- 
face, then, has about five times less power of absorbing 
heat, eight times less power of emitting it, and ten times 
gieater power of reilectiiin; it, tlian the glass. 

If between the canister and the reflector was placed a 
frame, over wliieh were stretched, successively, tin-foil, 
glasb and paper, the comnumication of heat or cold was 
altogether stopped by ilie hi sL j at least so little passes, 
that the dilTercntial thermometer was not sensibly affect- 
ed, while the glass only stopped four-fifths, and the paper 
not so much. The metallic screen, too, produced this 
efiect, however near the canister it was placed, provided 
the separation was only sensible* The other two sub- 
stances interrupted the communication more and more the 
nearer they were placed to the canister, but always per- 
mitted a large portion of the heat or cold to pass. If, vst- 
stead of one screen, or a screen composed of only one 
substance, a combination of these was interposed, a very 
remarkable illusti ation of the general fact was obtained. 
The combinations used by Mr. Leslie were, plates of 
glass, coated with tin-foil on one side, and plates of tin, 
coated in hke manner widi lamp-black. These he either 
placed in contact, so that their similar sides touched ; or 
at a distance lix>m each other, with their similar sides 
facing. He denominates the combination of glass and 
tin-foil tlie experimcntum criicis* We conceive that of the 
tia-foil and la;np*black better entitled tq this appellation^ 

£XPBR1K£NT I. 

Can e two sheets of tin about ten inches square to be 
hammered quite flat and smooth, and paint one side of 
each with a thin coat of lamp-black. Arrange the appa- 
ratus as usual, and, having joined together the tin-plates 
with their clear surfaces touching, fix them to a vertical 
frame : the liquor of tiie diflpentisd thcrmometeii will rise 
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33 degi ees* Invert the position of the plafeea, so ihatUie * 
blackened sides come into contact ; it wul now sink down 
to zero* Remove either of the platea^.Tand the liquor will 
again mount near four degrees* It is truly pleasing, says 
Mr* Leslie, to witness tliis varied spectacle* where the 
changes succeed each other as if performed by the fancied 
operation of mngic. But those transitions, and even the 
measures of the diversified effects, are the necessary re- 
sults of the principles already established. Compare the 
case where both tlie external surfaces of the screen are 
metallic with that in which they are covered with pigment. 
On the one side it receives live times less heat, and this 
heat is propagated with eight times less energy from the 
other. By the joint influence of those circumstances, 
therefore, its effect is 40 thnes less; which corresponds 
to abotit half a degree, a quantity scarcely distinguishalde. 
When die screen consists only of a single plate blackened 
on the one side, the diminished effisct is a mean between 
die receptive and the projecting powers, or 64 times 
smaller than where both surfaces are painted. This en- 
feebled impression is consequendy equal to about foot 
degrees.- 

The experimental inquiries of Mr, Leslie, which were 
directed particularly to the radiation of heat, its connec- 
tion with the spaces through which it is propagated, the 
direction in which it moves, the projecting power of the 
htatt^d hodv, and connection which subsists between it ' 
ancl the nature of the projecting surface, are highly im- 
portant. 

The canister being placed successively at different dis- 
tances from the i^ector, the effects of its removal, upon 
the <lifierenttal thermometer in the locus, were noted 1 
and an allowance was made for the changes in the focal 
length. It was found,'in general* that the total corrected 
^fects were inversely as the distances of the cmister. This 
^a^bstruction evidently cannot aabe from the loas of heat in 
the atmosphere ; for that cause would produce a diminu- 
tion in a much more rapid series* To prove that the irre- 
gularity of the reflecting surface has no share in the phe- 
nomenon, Mr. Leslie shews that a concave glass speculum 
reflects the he:it of a charcoal fire with an energy in- 
versely as its distance. The diminution, then^ can qnly 
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be owing to an imperfect reflection ; and this was well 
demonstrated, by increasing the size of the caiuster, in 
such a proportion to its increased distance from the re- 
flector^ that it always subtended an equal angle there. 
Making the same correction as before, for the variation 
of focai length, the total effect of the removal upon the 
differential thermooieter was fouiid to be nothing more 
liuui might fairljr be ascribed to the inaccuracy unavoid*- 
ble in such delicate experiments. Hence tlw capital in- 
ference is drawn, tliat the imptdses, hy which heat and 
cbld are propagated between <ustant objects^ do not suf- 
fer any sensible diminution of strength from the length 
of their progress through the atmosphere, 

Avery remarkable aberration is observed to take place 
in the reflection of heat. When the flame of a t^per ii 
withdrawn above two inches from the axis of the reflec- 
tor, its image \'anishes entirely from the focal ball of the 
ditferential thermometer. But the heated canister may 
be removed seven inches from the axis, before its im- 

Sression on the instrument ceases to be distinguishable, 
ilr. Leslie gives us no computation of the extent of this 
penumbra of heat (li ihe expression maybe used) he only 
explams the law by which the lateral motion of the heated 
body, from the reflector's axis, diminbhes the total effect 
of the reflection upon the thermometer* The distance 6f 
the canister being proportioned to the series 1, 2, d-— 
the rise of die thermometer is as the powers of f, whose 
exponents are the triangular numbers, 1» 3, 8cc. He ako 
flnds, by experiment, what he pretends is also a deduction 
from the aberration just now describ^, that the maxi- 
mnm of the effect produced by refleAm is not in tho 
focus, but nearer the speculum. His experiment is quite 
conclusive.. The thermometer beingat 58*^ in the optical 
focus, it rose to 80° half an inch nearer the reflector ; 
and, halt an inch beyond the focus, fell to 25**. Tl^ 
heat is therefore more diffused over equal spaces beyonwP 
the focus than between the focus and reflector. 

If the side of the canister is turned gradually round, 
while its axis remains fixed in the axis of the reflector, 
the thermometer is kss and less affected, as the radiating 
8iirfiu:e is more inclined from the perpendicular. Nothing 
em be ei«|iltr than the method adopted by Mr. Leslie 
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for ascertuning the law of lliis dimtnutiQii. He plaoed a 
dtding screen betvreeti the canister and the reflector, and 
adjusted the sltt 80, that the radiating surface, at every 
part of its motion found ha axis, subtended the same an* 
^gle as the reflector. There was scarcely any effect pfo* 
duced upon the thermometer by the revolution of the ca- 
nister. In like manner a cylindricfal canister produces 
the same rise in the thermometer with a cubical one of 
an eqnal base and altitude ; and from tliese, and other 
experiments founded upon the same principle, we may 
conclude, that the total action of a heated surface is equal 
to that of its orthographic projection, or proportional to 
the sine of its inclination. 

Mr. Leslie having ascertained that bodies diiler very 
widely in their power of projecting, absorlxbg, and re- 
flecting heat, finind that the cAen^cai juaRiies of, the 
heating surface' have a condderable influence upon its 
projecting power ; the effect of tin bemg IS, iron or steel 
operates as 15, mercury above AH oi^dea acquire a 
greater action as they recede from the metallic ttate.^ 
Lead being as 19 ; when tarnished by eiposore to tb#'' 
air, it becomes as 45, while minium is as 8(K Sealing- 
wax and rosin are nearly equal to paper, and ice is as 85« 
The poRsh of the radiating surface diminishes its action, 
where that is not natnrnllv^ great. The roughening of glass 
does not heighten its projecting power ; but that of tin is 
doubled by covering it with furrows. This singular ef- 
fect cannot be owing to the greater surface which the 
roughened metal exposes; for the increase of surface is 
precisely counterbalanced by the increase of obliquity ; 
and, moreover, it is found that the addition of cross fur- 
rows, by sti iating tlie surface in the other direction, nearly 
destroys the effect of the first operation. The thickness 
of the radiating surface greatly afiiscts its powers of ac- 
tion* A thin film of isinglass produces a radiation as 
96 ; a thick one as 4S : but when the thickness exceeds 
the thousandth part of an inch, any subsequent increase 
does not augment its actton* Mr. Leslie minks that the 
diflerence in projective power, which is observable in 
several of the cases above noticed, may be resolved into 
Ae variations of the bodies with respect to hardness and 
softness. He reasons this matter with his wonted inge> 
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nuity, and shows that the addition of moisture, and still 
more the addition of a mucilaginous substance, consider- 
ahlv augments the action of a surface pamtcd bhu k. The 
quality of colour is the last to which our attention is di- 
rected, and Mr. Leslie seems disposed to doubt whether 
it exerts any iniiuence at all in modifying the projective 
and absorbent powers of bodica ; a point which he con- 
ceives is incapable of strict solution, because a change of 
colour must uvnjs be attended with an alteration in the 
structure of the aubatance : and^ rigorously speaking, this 
is no doubt true. But there is one mode of inducing a 
change of colour, by means of a change in the body's 
structure, which is known, and for which allowance may 
be made by our author^ experiments ; we allude to the 
scoriae on the surface of metals, from sli^t oxydation. 
If the oxydation is found always to augment the metal's 
action, as diffetent metals assume different hues in the 
beginning of the process, a comparison of several, in this 
respect, will enable us to estimate how far colour 
operates. Perhaps even the change induced upon the 
substance of vegetable tinctures, by weak, acidulous, and 
alkaline solutions, is so litde proportionate to the alter- 
ations which their colours undergo in ilic mixture, that 
an approximation might be obtained from experiments 
With paper d) ed in this manner. 

Mr. Leslie repeated several branches of this inquiry, to 
ascertain the various rejecting' powers of (tifferent sur- 
faces. Hiose which absorbed and projected heat most cO* 
piously were^ in general, found to reflect least, though by 
no means in a reciprocal proportion. Glass tweeting as 
10^ tin*foil reflected as 85, lead as 60, steel as 70; tin-foil 
shining with mercury as 50, and brass as 100. A tin re- 
flector had its power reduced to one tenth, by being stri- 
ated in one direction, although this operation did not at 
all change the limits of its focus. A coat of tallow re- 
duced the powers of the reflector to one twelfth ; a coat 
of oHve oil to two fifths ; a coat of isinglass to three 
tenths, but, as it dried and became thinner, only to seven 
tenths : a thin irridescent coating reduced the reflection 
only to four fifths. The general rule then holds good, 
that the reflecting powers of bodies bear some inverse 
ratio to their absorbent and projective powers ; although 



Digitizeu Ly ^oogle 



Radiation of C<doric* 



so many circumstances unite in modifying the proportion 
that wc iiic unable, as yet, to express it by one universal 
law. 

It' il therefore evident that caloric Is thrown o£P from 
bodies in rays^ which are invisibk, or incapable of ex* 
citing vision, but which are capable of exciting heal; 

These invisible rays of caloric .are propagated in rig^t 
linesf with extreme velocity^ and are cqiable of the laws 
of reflection and refraction* 

' The heating agency, however^ is difierent in the differ- 
ent coloured rays of the prismatic spectrum. Accord- 
ing to Dr. Herschel's experiments, it follows inversely 

the order of the refrangibility of the rays of light. The 
least refrangible possessing it in the greatest degree. 

Sir Henry Englefield has lately made a series of expe- 
riments on the same suijject, from which we learn diat 
a thermometer having its ball blackened rose when plac- 
ed in the blue ray of the prismatic spectrum in 3' from 55* 
to 5^^ ; in the green^ in 3' iiom o-i^' to 58^ i in the ijd' 
low in 3' from 56o to 62'' ; in the full redy in 2^' from 
56<> to 72« ; in the conjines of the red^ in 2|' from 58* to 
73^; and ^dU wt of tfie maihk Ught^ in 2\' from 61? to 

Between each of the observations, the thermometer 

was placed in the shade so long as to sink it below the 
heat to which it had risen in the preceding observation ; 
of course its rise above that point could (Mily be the effect 
of the ray to which it was exposed. It was continued in 
the Ibcus long after it had ceased to rise ; therefore the 
heats given are the greatest effects of the several rays ort 
the thermometer in each observation. A thermometer 
placed constantly in the shade near the apparatus was 
found scarcely to vary during the cxj)eriments. 

Sir Henry made other experiments with thermometers 
with naked balls, ujid with others whose balls were paint- 
ed white ; for which we refer the reader to the interesting 
paper of the baronet,* from which the above experiments 
are transcribed. 

The coloured rays emitted irom the sun and combus- 
tible bodies, sinte ihey excite heat and vision, must con- 
sist of a mixture of heat-making rays and rays of light. 

* Journuls af the BojrallnatitutvM^ No. z. p» 202. 
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And at tlie lajt of heat nd Itgbl aeeompany each 
other wlioi eauttad fiom himinoua bodies, the vdodiy 
with which the lava of caloric move aiust be eoitid to 
diat of fight; and lieiice its panides anuat be equaUymi" 
ante* llicy <Ufier however in this fifkrticukr, that Ae 
rays of light produce the sensntion of vision, and possess 
certain f**nfi"*«^ propeities, wlulatin those of cahnric the 
pecoliar agcaqr of heat resides* 
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PART XI. 



THE difference, in the day time, of what we perceive 
when our eyes tare open and when our eyes are shut is 
produced by what is caOed ii^ht* The privation of light 
is called darknt$8m ' 

It is this light which infonns us of the presence of ob- 
jects which are not near enough to touch bur bodies, or 
> which do not affect any of our other senses. Hence the 
blind must judge of the presence of the particular objects 
by the sound, or by the smell, or by the touchy &c* but 
not by means of light. In short, light does not sensibly 
affect any other prirt of our frame, besides the eyes. 

The nature of light has occupied much of the attention 
of thinking men, and numerous opinions have been en- 
tertained concerning it. It has been sometimes consi- 
dered as a distinct substance, at other times as a quality ; 
sometimes as a cause, frequently as an effect : by some it 
has been considered as a compound, by others as a sim- 
ple substance. Philosophers of the present day are not 
agreed as to &e independent existence of light, or the 
cause by which we see. 

This is not the place for dbcussing the respective me* 
tits of all the ingenious hypotheses whidi hanre heen^d- 
vanced concerning this sijt>ject: ;we shall assume 'the 
doctrine of those who admit the independent existence of 
light, not only because it is more generally received^ but \ 
is also best calculated ta explain its chemical propf rties.^ , 
VOL, I. 18 
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SECrr. I. 

NATURE OF LIGHT IN G£N£RAL. 

LIGHT is diat which proceeds from any body produc- 
ing the sensatioti of vision, or perception of other bodies^ 
by depicting an imkge of external objects, on the retina of 
the eye* Hence it annotipces to animals the presence of 
4he bodies which surround them, and enables Uiem to dis-> 
tingtiisb these bodies into transparent, opaque, and co- 
loured. These properties are so essentially connected 
with the presence of light, that bodies lose them in the 
dark, and become undistinguishable. 

Light is regarded by philosophers as a substance con- 
sisting of a vast number of exceedingly small particles, 
which are actually projected from luminous bodies, and 
which probably never return agam to the body Irom which 
they were remitted. 

They have a determinate size ; the^ are a certain 
distance ^m each other ; they move with a certain velo* 
city, and have a cettidn momentum. They are univer^^ 
sally expanded through space ; they ezertpeciiliar actions ; 
and are obedient to the lairs of attraction, and other pro* 
perties of matter. 

Several remarkable discoveries made in astronomy, 
and in other branches of natural philosophy, give us some 
ideas concerning the size^ distance, velocity, &c* df the 
particles of light ' • 

h EXPLANATION OF CERTAIN TERBfS OF 

LIGHT. 

In order to facilitate the doctrine of light, we shall 
ihoi*tly explain a few terms made iii,e oi hy philosophers 
whc^ii treating of it ; namely : 

A ray of Hght is an indefinitely small portion of light 
as itcomte'fi^m a lutnlnous body* 

A meiMum is is body which aferds a passage for the 
rays of light. 

A heam ofUghi \M a body of parallel rays. 



Digitize 



A penxnl of lights or a pencil of ngn of body 

of diverging or converging rays. 

Converging rays are rays which tend to a common point. 

Diverging rays are those which come from a pointy 
and continually separate as they proceed. 

The rays of light are parallel^ when the lines whkll 
^y describe are so. 

The radiant point is the point from which diverging 
rays proceed. 

' The focu9 is the point to which the converging rays are 
directed. 

2. SOURC£S OF LIGHT. 

« 

Light is emitted from the sun, the fixed stars, and other 
luminous bodies. It is produced by percussion, during 
electrization, combustion, and in various other chemical 
processes. 

Why the sun and stars are constandy emitting light, is 
a question which probably will for ever baffle human un- 
derstanding i at any rate, it is not connected with che- 
mistry. 

The light emitted during combustion, or chemical ac- 
tion, exists previously, either combined with the combus- 
tible body or with th^ substance which supports the com- 
bustion. The light emitted durinp^ percussion and elec* 
tfization^ &c* ia foreign to our nibject. 



SECT. II. 

PHYSICAL PROP£RTI£S OF LIGHT* 

t. VELOCITY OF LIGHT. 

The velocity of light is much greater dum that of 
Boimd ; for the flash of a gun fired iH « toMterable 
times 19 Men bcfora tibo vtpovt is hMvidU 

The dap of thunder is not heard till some tiM «ibr 
the lightning has been seen, exeept the phenoncMt talws 
plaee at no great 4istancew 



a 

• • 

The motion of lig^ is so very rapid» that in a& coipmon 
experiments it ftppean to be instantaneana* - Its ir^ocity 
cannot be meaaured between the tops of the oiost diatant 
mountam^liiat ave visible from each-otber.'t Aatronomen 
havef^iiqTeithelesa, found that it may be measured ^Hben 
it nJaves 'between some of the heawnd^ bodies. For by 
the eeUpaes of Jupjiter's satellites, it appears that it takes 
f .ittiautes and 13 seconds in passing iic<*oas the .aemidiiM- 
meter of the earth^s orbit. From these accurate investi- 
gations they have deduced that light moves at the asto- 
nishing^ rate of about 167,000 geographical miles in one 
second, or that it passes from the sun to the earth in lit- 
tle more than eight minutes ; and nevertheless, according 
to geometricians, light, from its departure from the near- 
est of the fixed stars, which is, in truth, at least four hun- 
dred thousand times more remote than the sun, is near 
six years in its progress lo our eyes ; so that a star placed 
At that distance would be still visible for six years after 
its destructioQf supposing that process to take place* 
Kow grand and sublime are the meditations suggested hf 
this omect bn the immensity of space, the boundless ex* 
tent ofthe universe, the vast number of globes which tra- 
verse through it, and the duration pt time which they 
measure in their silent march ! 

The velocity of li^bt was first noticed by Roemer, and 
afife^ards determined and established by Dr. Bradley's 
ingenious theory on the aberration of the lights of the 
fixed stars. The principles on which this discovery is 
founded may be famiiinrlv explained as follows : 

Suppcstr a tube to be erected perpendicular to the hori- 
zon at a time when it rains^ the drops falling perpendicu- 
larly down and suppose the diameter of tlie cube to be 
such a& to admit but one drop at a time : then it is plain, 
that if a drop of water enter the orifice of the tube it will 
fall to the bottom without to^hing its sides. But if the 
tube, without altenng its perpeiidicukiity, be moved 
alon^ in the direction of the horizon, any drop that enters 
ijriU *s1|vk0 agaioyit.one :ojt. Its ^ides, and none will pass 
<^€Mr ibi^vv^gh'Wbile the- motion continues, unless the 
up^ end of the tube he also inclined tAtf iM^ds the part to 
whicli ij^ ipotlpni^ 4irecie4* 
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Thus, if A B 
represent the 
horizon, c d 
the perpendicu- 
lar tube, and 
G D the course 
of a drop of 
rain : then, if 
c D be mov- 
ed towards A, • 
while the drop A., ^ 
is falling with- ^ 
in the tubcf it is evident that the inner siitiace of the titbe, 
which b situated towards B, will be carried aipuxist tho 
drqp, and prevent its anriving at the bottom without 
touching. But if the incUned tube s c be moved with a 
similar motion to that of the drop from e to D» in the time 
that the drop moves from c to D, the lower orifice of the 
tube and the drop will be found at D at the same instant; 
and the velocity of the drop will be expressed by c D,and 
that of the tube by e d. 

The same reasoning holds good, if instead of drops of 
rain we suppose particles of tight, and a telescope instead 
of a tube. For to an observer, who through the tube c d 
views the vastly distant object g, if the motion of light be 
instantaneous, or infinitely swift, no finite motion ot c d, 
its position being unaltered, can prevent its being visible ; 
since, by the supposition, the light which enters at c will 
arrive at D before c d can have moved at all. But if 
light be propagated in time, and the observer be carried 
by a motion similar, as to acceleraticjn, to that of light, 
the tube must be inclined to the ray in an angle, whose 
sine is to the sine of c E d, or the angle the tube makes 
with tlic line of the observer's raotion, as the velocity of 
the observer is to the^ velocity of light. For in the trian- 
gle p c £, the sides d e and d c, which express these velo- 
cities, are as the sines of their opposite angles. Hence if the 
angle of the incli n ation of the tube to the ray of Vxfjaty to- 
gether with the velocity and direction of me observer's 
, motion, be known, the velopty of lif^t may be determined. 

The velocity of light is uniform in the same medium,\ 
however it may be excited ; either because the corpuscles ' 
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are emitted hf a peculiar repoblve force^ acting equally 
in an bodies and in all directiona, and known only by this, 
effect; or simply^ because a homogeneous fluid propa^ 
gates all impulses with a constant velocity. 

2. MOMENTUM AND MAGNITUDE OF THE 
FARTICLES OF lAQHT. 

The velocity of light being thus ascertained, wc should 
be enabled to form some notion of the magnitude of the 
parddes of light, if we were in possession m good obser* 
vations on the effect of their momentum. 

For example.; it is found that a ball from a cannon at 
its first discnarge flies with a velocity of about a mOe in 
eight seconds, and would therefore anrive at the son in 
thirty- two years* supposing it to move with unremitted - 
celerity. Now light moves through that space in about 
eight minutes^ which Is two million times fasten But 
the forces with which bodies move are as their masses 
multiplied bv their velocities : if, therefore, the particles 
of light were equal in m:iss to the two millionth part of 
a grain of sand, we should be no more able to endure 
their impulse than that of sand when shot poinl-lilank from 
the mouth of a cannon.* How much less must therefore 
be the particles of light, which n^uke no sensible impre^- 
sion upon so delicate an organ as the eye. 

From some imperfect experiments made by throwing 
die focus of a Concave mirror on die extremity of a very 
delicate beam, nicely suspended, by whidi means a slight ' 
motion was' given to the beam, it was deduced that the 
light thus collected had a searchable momentum. Now 
from the weight of the beam, and from the motion which 
was communicated to it by the impulse of light (if that 
was the real cause of its motion) also from the above* - 
mentioned velocity of light, it was calculated that the 
matter contained in the light which was dmown upon the 
cod of the above-mentioned beam during one second of 
time, and which was collected from a refit cting surface of 
about four square feet, amounted lo no more than one 
twelve hundred nulUonth part of a grain^f 

• Nicholson's Introd. to Natural Philosophy, voL I. p. 256. 
f Prifistlej'* Hi8fDi7 of Discoferiea on LifU. Viauoii, Sis. Msd TX' . 
Sect I. chap. ui. 
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3. LIGHT MOVES IN STRAIGHT LINKS. ' 

Wlienever Ueht pasBea^irough a space occiipiedl bf a 
medium of imimrm density, It describes right lines in aU 
directions* Because all imdistuibed motion is rectifinear ; 
or because, inmliomogeneous and Ki^^ elastic medium, 
all midulations are transmitted rectihnearif. 

It is well known that if a portion of a beam of light be 
intercepted hy any body» the shadow of that body will be 
bounded by right lines, passing from the lutninous body, 
and meeting the lines which terminate the qpaque body. 

EZFSRnflMT h 

Darken a room into which the sun shines, and only 
^admit the light by a small hole in the window-shutter ; 
and place opposite to the hole a bo:nd or screen. If wc 
look at the screen, we observe thereon a picture of all the 
exterior objects which are opposite to the hole in all their 
natttrsd colomv : tiiese coloun aire faindy depicted ; the 
images of tlie objects that are stationary, as houses, trees, 
hcm are likewise fixed or stationary in me picture ; whilst 
the images of those that are in motion, as tliose of horsea» 
carriages, 'Sec. are seen to move. If we place our eye in 
litis n^, we -find that our eye» the light, and the bote are 
in one and the same straight line. Which is a clear proof 
that light is emitted in straight lines, by the luminous 
bodies. 

It is equally obvious from H^jot finding no passage 
through bent or crooked tubes* 

4. aEFLECTIOK OF LIGHT. 

Another property of the rays of light is their rrficxi^ 
b'tUty^ or disposition of being turned back iiuo the medi- 
una in which they moved with a certain obliquity, so that 
the light is driven back, without coining into contact with 
'tiie matter which repels it. 

The ray is then said to be reflected. The an^e of rr- 
lection IS always equal to the angle of inddenoe* 
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EXPBEIKENT IL 

To prone iht^ the angle of refiec^m l» tfond io the angle 

of incidence* 

There are several ways of measuring^ the angles of in* 
cidence and of reflection ; bii£ the ^Uowing is one of 
the easiest : 

Let a ^ c be a se- 
micircle, divided in- ** C 
to twice 90 degrees; 
• a b represents the sec* 
tlon of a flat reflector. 
Cover the surface of 
this reflector with pa- 
per, excepting a very cl 
smtill circular spot, as at d» Place this 8efiicircle,per» 
pendicularly upon the reflector, and with its .centre In 
the middle of the uncovered spot d of the reflector. This 
being done, fix a pin, or other small object^ close to the 
edge of the semicircle^ for instance, at ^, the 50th de- 
gree; then move your 'eye along the side a fc of the 
semicircle, and you will perceive the object e reflected 
by the reflector d only when the eye is aty^ viz. at the 
50th degree of the quadrant afc; whence it becomes 
evident that the angle of reflection c df i» equal to the 
angle of incidence f d c. 

When a ray of light falls uj>on a polished medium, for 
instance, a plate of glass, or mirror with a certain obli- 
quity, it does not enter the glass at all, but is reflected 
when it approaches its surface. When a ray of light 
enters other transparent ??iedia, it continues to move on 
till it comes to the opposite surface ; but then, instead of 
passing through, it bends, and passes out again at the 
same surface at which it entered, just as a ball would do 
if made to strike obliquely against a floor. 

Experiment III* 

Let a beam of solar light pass into a darkened room 
through a hole in the window-shutter ; at that part of the 
floor where the beam of light falls place a looking-glass, 
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toad llieii .tlirow ^me bair'-powifor intp the air<» tn order • 
to render the beam of light more vu£ble« 

We shldl then see that the beam is reflected back into 
^^air, and that the inclination of the reflected beam is 
• exactly the same as that of the incidental one. 

The common experiment of children casting the light 
of the sun, by means of a looking glass, mto various dia» 
tant places, also illustrates this property. 

If we direct our eyes towards certain polished surfaces, " 
we frequently see m them the appearances of objects 
which are situated in places quite di&rent from those in . 
which we see ihem* 

Thus : an eye at c, 
directed towards the 
flat and polishod sur- 
face of which A B is the 
section, will perceive 
the exact figure, colour, 
8cc. of a body which ac- 
tually stands at but 
whiui will appear as if 
• it stood at £ ; it is 
therefore evident that 
the light which pro-- 
ceeds from n falls up- 
on the surface a b, and thence it comes into another tllj ec- 
tion, F c, to the eye at c. Now the surface a, b, which 
thus sends back the light, is called ih& rfiJIeOed ii^-Ati 
whereas the light from ttie object d, to the rejecting sur^ 
lace, is called the incident light. 

The angle which the incident light makes with the per- 
pendicular to the reflecting surface at the point of inci» 
. dence, viz. the angle d f g, is called the angle of incidence,' . 

The angle which the reiiected light makes with the 
same perpendicular, viz. the angle c f is called the 
allele of refraction. But some authors call the angle d f a 
the an^ t>f incidence, and the angle c f b, the ang^e of 
.refraction. 

5- INPLEOTIOMr OF*ilGHT. V i 

, When a ray of light passes within a certain distanre of 
X ,the surface o^ a body, paraijei to which it id moving, it 19 

VOL. I. 19 * 
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iM^dted,<6r IvM «MM(^ ic» to M to fom, i^mod^ « 
rectilinear ang^ «t that place* Hiit benduig or ittlec* 
tikm of the my* <^tig|it» 1^ passing not tfarooi^, but near^ 

tile surface, is caused by an attractive po%\'er to which 
- light is obedient. It is called therefore the inflection oi 
light. It has also been called diffraciiotu 

EXPEKIKBIIT L 

Admit a beam of light into a dark room, through a 
tound hole in the wlHtlow-shutter, and place at the spot 
on the floor where it falls a sheet of paper ; the rays of 
light will there form a round luminous spot. But if we 
bring two penknives, with their edm towards each otherf 
on opposite sides of the hole^ and make them approach 
each other gradually, the luminous spot will diUte itsdf 
on the sides of the knives; indicating that those rays 
which are nearest the edges of the knives have been drawn 
from their former direction towards the knives. This 
property of light is called injlection. The edge of any 
other thin plate of metal produces the same effect. 

Experiment II. 

If we let abeam of light pass into a dark room throU|B^" . 
a narrow slit made in a window shutter, nrjt above 
part of an inch broad, the beam of light will be split into 
two, and leave a dark space in the middle ; it will tiiere- - 
fore be attracted by boUi sides of the slit. 

EzmiMCKf 111. 

i he shadow of a small body, as a hair> a thread, 2kc. 
» placed in a beam of the sun's light, will be much broader 
' than it oug^t to be if the rays of light passed by these 
bodies in right lines, or without being attracted by them. 
« Boresample: a hair whose Imadth was the SSOth past 
.of «i \aAj bemg held m this ligiitt at ^e distance of 
aboat twelve feet from a hole of the breadth of the 4id 
part of an inch, did cast a shadow which, at the distance \ 
of four inches from the hair, was the 60th part of an 
inch broad, that is, above four times broader than the 
hair ; and at the distance of ten feet was the eighth part , 
of an inch broad, that is« QS times broader. 
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The phenomena which relate to the inflection of llghtf 
not appealing to be reducible to one general principle, 
were particularly examliied under a consideraUe varie^ 
of circiyiiBtaiiceB by Sir Isaac Newton : yet hii observa« 
ttons Wire not quite correct, nor was his hypothetical ex- 
» planation very plausible. Subsequent experiments and 
observations have reduced the phenomena of inflection to 
a single principle, namely, to the attraction of bodies to^^ 
wards light ; which attraction becomes conspicuous when 
the rays of hght pass within a certain distance of their 
surfaces. Besides tlieir being bent, the rays oi light arc 
likewise separated into colours by the vicinity of bodies, 
and this produces the singular phenomena of the colour^ 
ed £rhiges that accompany the mflection* 

6v REFRACTiON OF LIGHT. 

When a ray of light passes through the same medium, 
or when it' passes perpendicularly from one medium into 
another^ it continues to move out without changing its di* 
rectioo. But the case is difierent when it pMca oblique- 
ly from one medium into another of a dmrtni dauiiy ; 
it is then bent from its first direction, ana assumes a new 
one ; it is said to he rrfrartcd. "WTien it passes into a den- 
ser medium it is refracted towards the perpendicular; 
but when it passes into a rarer medium it is renracted Jroni 
the perpendicular. 

The denser the medium the more the rays are bent, 
and approach to a perpendicular let hSl upon its suriace* 
This, however, must always be understood of the raya 

which fall obliquely upon these media ; for those rays 
which UM perpendicularly do not suffer any deviation t 
refractwn onh takes phce rvh'en the rai/s fall obliquely^ 
Wid is so much greater as their angle of incidence is more 
oblique. After having taken the new direction, the ray 
again proceeds invariably in a straight line, till it meets 
with a difierent medium, when it is again turned out of 
its course* On this account it is tiiat objects seen under 
water appear out of their xw place. 
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' ExVSAtMBMT L 

Let a liriited candle be 
placed on ue sid^ of a ves- 
sel full of water a B c D, so 
as to cast a shadow on the 

>Ide of the vessel upon the 
bottom : the edge of tht- 
shadow does not come to e» 
so as to form a straight line 
]E B G, but will be found ^ 
somewhere else* a^ at f, and f b g will form an angle at 
the surface of ^e water ; which proves beyond a doubt 
that the light which proceeds from the candle is refract- 
ed, viz. bent at the surface of th< water. This will be- 
come equaHy obvious from the following experiments : 

EXPERIMEKT II. 

Take an empty basin, and on the bottom fix marks at 
a small distance from each other ; then take ft into a dark 
room, and let in a ray of light : where this ray falls upon 
the floor, place the basiui so that its marked diameter may 
point from the window, and so that the beam of light may 
fail on the mark most distant from the window. Having 
done this, when the basin is filled with water the beam 
which before fell upon the most distant mark will now, by 
the refractive power of the water, be turned out of its 
straight course, iind will fall two, three, or more marks 
nearer to the centre of the basin. 
. Thb may be more dearly proved in -the following 
BMnner : 

ExiPERllCElfT III. 

Let a small bright object be laid upon the bottom of a 
^ihdrical vessel n b a l at c, so diat a ray passing^ in a 



I 



right line from die remote edge of 
die object to the eye at s will 1^ in- 
t^epffd by the edge of the vessel, 
or that the first ray which is not in- 
tercepted passes in the direction 
o N c above the eve. While the 
eye continues in the same situation, 4 
if the vessel be filled with water 
the object will become visible, that 
is, the ray wl\ich passed from the remote edge of the ob« 
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i'ect in a right line c ir oliy the vessel on entning die air 
B refracted into the direction m s towards die eye, or 
from the perpendicular p k a. 

It is upon the teflection and refraction of light that the 
whole science of optics principally depends; for if the 
rays of light were neither reflexihle nw refrangible we 
should be deprived of telescopes, aucroscopeSi^spectadeif 
and a number of other optical instruments* 



SECT. in. 



ANALYSIS OF LIGHT BY THE PRISM. 

' EVERY ray of light consists of seven parts i the first 
of these seven parts of the rvy excites upon our organs 
of sight the sensation which we call red^ die second ex- 
cites die sensaticm called orange^ the third yelhw^ die 
fourth grern^ the fifth hkte^ the sixth imSgOj and the se- 
venth vioiet* 

None of diese seven parts of a ray of light can be fur- 
ther decomposed ; they always produce the same colour, 
on which account they are called original or primitive 
colours* 

Experiment L 

To prove that light consists of these primitive colours, 
let a ray of it fall through a hole in a window-shutter into 
a daftened room ; and place a glass prism parallel to the 
horizon with its axis perpendicular, so as to receive the 
beam of lig^t. On turning the prism slowlv about its 
axis, we perceive that the refracted light on the opposite 
wall first descends and then ascends betweeu the ascent 
and descent that is, where the spectnufii is stationaxy 
the prism is to be fixed. 

• The beam of light now passes into the prism, and is 
there refracted into its primitive rays, viz* the lower ex- 
tremity of the spectrum is red, above this 'is placed the 
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onmi^ey afterwards the y^Skm^ flien the green, bluet 
the indigo, and lastly the violet^ which ia p|Mcd n the 

upper part of the image. 

The instance of the separation of the primary colours 
of light which seems most remarkable is that of the rain- 
bow. It is formed in general by the reflection of the 
rays of the sun's iigfat> from the drops of falling rain ; 
though fret^uently it appears amongst the waves of the 
sea, whose heada or tops are blown by the wind imo amall 
drops; and it is sometimes seen on me groand» when the 
sun shines* in a very thick dew. Cascades and fountains 
whose waters are, in their fall, divided into drops, exhi- 
bit rain-bows to a spectator, if properly situated during 
the time of the sun's shining ; and water blown violently 
from the mouth of an observer whose back is turned to- 
wards the sun never faib to produce the same pheno- 
menon. 

This appearance Is also seen bjr noon-li^it, though sel- 
dom vivid enough to render the colours duatinguishable; 
and the artifielal rainbow may be produced even by can* 
dle«lig^t<» on the water which is ejected hf a amall foun> 

tain or jet (Teau : all these are of the aame nature as the 
analysis of light by the prisms. 

The colours observable on soap-bubbles, and the halos 
which sometimes surround the moon, are also refernbie to 
the refrangibility of the rays of light. 

Various methods have been tried for the purpoae of 
rendering the colours of the prismatic spectrum distinct 
or unmixed with each other, but none as yet has been 
attended with complete success : the following method 
seems to be the best approximation* 

£X|>£KIM£NT II. 

Let the light of the sun pass through a hole of the<|\r 
of an inch into a dark room ; and placing a screen at n 
little distance (for instance, 6 inches) within the room, 
let the middlemost part of that light pass througli a sinaller 
hole in the screen ; the object of which is to prevent^ in 
great measure, the indefinite light, or penumbra on the 
sides of the prismatic spectrum. Let that light fall per- 
pendicularly upon a convex lens, a- the distance of about 
10 ice I, by which means an image well dei6ned of the 



Digitized by Google 



Anafytu af Light btf theJ'rUm* - IM 

wmm^h^'kmiidduptmmwenm pbcad at mfaoftriih^ 
temcefioni the lens : but if a prisBi be placed dote to the 
lent, ae timt die lig|it| after having passed through liie 
lens, may pan dmwigh and be refracted by the prism, 
Umd a coloured spectnim wefl defined will be ftmned 
upon the screen. 

If small bodies be placed ia the diferent cokwra of lha 
prismatic spectrum, they will a]^ar of the same colowv 
red in the red light, green in the green light, &c. 

The decomposition effected by means of the prism has 
therefore been called an analysis of light. 

These coloured rays differ from each other in reflexi- 
bility, refrangibility, and inflexibility. The red is the 
most refrangible, the violet the least ; the others are re- 
frangible in the following order, namely, orange, yeilow, 
green, blue, indigo, and violet. 

Newton ascertained by actual measurement, that if the 
vrhole of the spectrum be divided into 360 parts, then the 
red will occupy 45 of these parts, the orange 27, the 
yellow 48, the green 60, the blue 60, the iudigo 40, aad 
the violet 80. 

Dr« Uendiel has lately proved* that the rays of light 
difier m 'dieir pofwcr of dlttmlaiitipg objecti* The 
toirarda the mtdcde of the tpectzum possess the greatest 
illttminating poweftf aod thoac at* the exteemitgr the leasltf 
At iliumiiiating power of the rays gradually fUminithea 
horn ^ aoiddle of 4iie spectmm <o«wda tit eammittes* 

£xF£AXM£lfX III* 

That the raya of light difler in dieiiiHnmhiating power 
may be evmced by lettbg equal portioiis of each of ^eaa 
fall on a mmute object i a printed page, for iaatance^ 
which wm not be seen dMncdy at the same distance 
when Illuminated by each* We must stand nearer 
object when it is illaminated bjr the ^oleti we see dit^ 
tincdy at a somewhat greater distance when die object is 
iUuminated b> the indigo ray, at a greater when by the 
blue, at a still greater when by the deep green, and at 
the greatest of all when by the lightest green^ or deepest 
yellow : we must stand nearer when the object is en* 
itghtened by the orange ray, and stiQ nearer when by 
the red. 

* PbikMoph. Tx«iit. 1800, p. 255. 
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It has been supposed diatdiree of the pnsmadc coIoui% 
die redy yellow, and blue, were simple ; and tlitt the other 

four were formed each of the two contigunu*^ ones ; thit 
is, the orange troni tlu red arid vellow, the green Irom the 
yellow and blue, the indigo from the bine and violet, and 
the violet from the indigo and red : but this supposition 
has not been satis^Mitorily proved. 



SECT. ly. 

* 

THEORY OF COLOURS. 

LANGUAGE being invented chiefly for the expret^ 
taifm of ordtouy events that do not -require any great pre- 
cMion« it very frequendy happens that the same word is 
US^d to denote very different things. , It is proper tjo re- 
mark, that the word colour is thus used. If the word be 
used to denote the sensation or idea eTcitecl in the mind. 
It snfficiently obvious that it cannot be sufficiently used 
to denote that attribute by which bodies are able, by re- 
flecting the rays of light, to produce the sensation ; and 
suU less ought it to be used to imply that quality the va- * 
nous kinds of light possess of producing the sensadon 
when separaled fim each odier» eidier by reflection flrom 
bodies or otherwise. It may, however, be allowed to use 
. the terms coloured rays, or coloured bodies ; though the 
' sensation of colour, the specific properties of the rays and 
of the reflecting bodies, are undoubtj^dly things very dif- - 
ierent from each other. 

Having, therefore, so far considered the nature and 
effects of light, and seen that it is subject, like pther mat- 
ters, to the laws of attracdon and repulsipn, and that it 
may tie analysed by means of the prism into several rays 
.of different tints, we shall now endeavour to prove, that 
from the nature of these different tints arises that variety 
of shades which paints the face of nature. 

Hence it is, that whatever pleasure we derive from the 
beauty of colouring is owing to the different refrangibility 
of light, each object sending back to our eyes those rays 
which the peculiar structure of its surface is bcit adapted 
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to reflect* la thb seme, the blushing beauties of the 
roaef. and the modest blue of the violet, may be consider- 
ed aa not in the objects theasselves, but in the light that 
adorns them in those robes* 

. The colours of all natural bodi^ depend on this re- 
frangibiUty of Hght ; they may be considered as prisms, 
which decompose or rather divide the light. Some reflect 
the rays without producing any change, and these are 
white; others absorb thtm all, and are therefore blaci* 
The greater or less affinity of the severi\l rays with va- 
rious bodies is no doubt the cause that when a pencil 
of light falls upon a body some rays enter iiUo it> whilst 
others are reflected ; and it is this wliich affords the di- 
versity of colours and the prodigious variety of shades 
under which bodies appear to our eyes : and thus are 
foi med the pellucid stream, the green sea, the white froth, 
the dark pool, the azure sky, the varying colours of the 
pigeon's neck, the opal, the mother-of-pearl, the silk 
called changeable, &c. and hence the white colour of the 
European^ the copper colour the Aaaerican, and 
black colour of the Negro. 

The dbanges of colours which are produced by nu3D» 
tnresy by boiling, heating, pounding, &c* are so common 
and so remarkable, as to come within eveiy body's notice* 
The fcdlowing chemical production of colours will, pex^ 
haps, not be unacceptable to some readers. 

£XF£RI2(£]rr h 

m 

Production of various colours by the mere mixture of 

cohurleee fimds* " 

For this purpose the following articles are necessary. 

No. 1. A sohition of acetite of lead, prepared by dis- 
solving two drams of acetite of lead in twelve ounces of 
distilled water, and afterwards filtering the solution. 

2. A solution of carbonate of potash, obtained by dis- 
solving three ounces of carbonate of potash in twelve of 
water, and proceeding as before. 

3. A solution of corrosive muriate of mercury, con- 
sisting of twenty grains of corrosive muriate of mercury 
dissolved in twelve ounces of wa^er. 

VOL. I. 90 
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, 4» A solution of sulphate (7 iron* prtxftced by du8olv« 
lag two ounces of sulphite of bon in jipclve ijpfAtee^ 
1« Acidulous solution of snlpl^te ^p^ironuom^os^ ol 

ve of water, mixed 

with an ounce of the next solutio n^P /. G. 

6. One ounce of sulphuric ajA^ingled with twelve 
of water. 

7j One dram of crysiuUi/A dMhi tite of copper, dissolv- 
ed m twelve ounces of waL^v^viCli ilxc addition of ^ne 
diam of nitric add* ' * ^ 

8. Concentrated liquid ammonia* 

9. Siilphumius acid* ^ J 
la 'Fincture of prepared by losing vta rose 

leaves in sulphureous acid. 

li. Tincture of red^cabbage leaves, prepared in |fie 
same manner. • 

19. Tincture of galls, obtain*! by digesting hiilf an 
ounce of gall-nuts in twelve ouncea of water, and adding 
one dram oi nitrie acid to tht filtered solution* 

tim Diluted solution of pru s^^e of potish* 
» 14. A solution of nitrate of ^P^-cury, obtained by dis- 
solving one dram of mercujy in half an ounce of ^ode- 
i«tely strong nitric acid, minglftig the solution with an ^ 
ounce of water. • ^ ' 

By merely mixing these colourless fluids^ the ibllowing 
tints are produced. 

MiI/k-whit€.'*M \x ihfi:t parts of No. 1 with one of No. 2. 

Tellow*,**FovLV par^ of No. 14 and one of No. 2. 

Or<rAs^...«Four parts of No. 3 firith one o^No. 2. If 
Ko. 6 be added, the orange -colour disappears, and the 
vdiole returns to its limpid state. 

Caftninc^A fe>^ drops af No. 6 with No. 10» This 
colftifr disappears on adding No. 9. . 

Bhod-rccf..,.A few drops of No. 6 with No. 11. This 
liquid Ijecomcs ap;ain colourless on adding No. 9. 

Cra^s-green^^TtirtG parts of No. ^0 with one of No. 
1. On adding No. 6, the mixture turns to fed ; » few 
drops of Ntf* 9 destroy this Aour, and the ^uid returns 
to its former limpid state. ^ 

jAght'gree7u,,JT\\rcL parts of No. ]|^ with one of No* 1. 

Ult rnmarine-biuet^Thrte ports of No. 7 with one of 
No. 8. It hecomi-j? again colourless hy adding No. 6. 

Dark-blut'„,,T\iTt.tt parts of No. 1 1 with one of No# 2^ 
l^e addition of No. 6 changes it to ruby-red. 
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. i'ru^f2a7z-^/u^...fiy mixing equal quantities of No^^ . 
and No. JbS. 

A G.o/eL»l^aiiiil quan^es of No. 7 and No. 11. ^ 
/?fc/^^/(arc«L...Threc ^rts of No. 12 with one of No, 4* 
^ J^-^/oc^M-Thm pjirts of No, 18 vithiMieof No. 4» 
-ft is again rendered limpid by No. 6; and No* 13 tuns U 
blue. 

For these amusing exponents we ire indebted to Mn 
Tielebein* V ' ♦ 

« • 

WHITENESS. 

The most cu#3us composition of light is tha^df white- 
ness. There is no one sort (>f ra\ s which can alono exhi- 
bit this colour ; it is tihvays compound, and to its com- 
position aH^he afort^aid primary colours are necessary. 
It is the most surprisiflg composition, an assemblage of 
all the colours of the prism, in union in a due proportion. 
Whiteness therefore^ or thesokarUght$ is ahoeofs compound: 
it is produced %y a co|^is refiectioft of the rajrs of all 
sorts of colours* 

A Sjjinni'n^top painte^on the surface with the colours 
of the spectrum of the prism may serve to prove this. 
On spinning the top,^t revolves r^idly on its axis ; whiie 
it is so revolving, none of tlie colours can possibly be dis- 
tinguished singly 9 but the whole appears white i this 
whiteness wiU be< greater in propdhion as the primitive 
colours are brighter* • . 

; BLACKNESS, . ^ 

t 

On the contrary, is prodiAed by a total nbsorptipn of 
the incidental light, which being stopped or absorbed in 
the body is not reflected outwards, but refracted withiii ; 
hence it is lost, and produces darkness. 

Such are the principid physical properties of light. 
Optical writers may be coimilted for a sfeat number of 
curious anduAlul deducti<ffs made from these principles 
and applied to the doctrine of vbion, the turtnre of colours, 
the construction of Mirrors, and other instruments, nat 
immediately within the provincis: of chemistry. 
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« 

SECT. V. 

CH£MICAL PROPERTIES OF LIGHT* 

THE chemical effects of light have much engaged the 
attention ol philosophers. Its influence upon animal, 
vegetable, and otlier substances, shall form tiie bubject of 
the following heads* 

1. EFFECTS OF LIGHT ON VEGETABLES. 

•Eyery body knows that most of the dtscous flowers fol- 
low the sun in his course ; that they attend hxm to his 
evening retreat, and meet his rising lustre in the morning 
with the snme unerring law. It is nlso Avell known that 
the change of position in the leaves of jjhmis at difterent 
periods of the day is entirely owinj^ to tlie agency of light, 
and that plants which grow in windows in the inside of 
houses .are, as h were, soUdtous to turn then: leaves to- 
wards the light. Natural philosophers have Idng been 
aware of the influence of light on vegetation. It was first 
observed that plants growing in the shade, or darkness, are 
pale and without colour. The term etiolation has been given 
to this phenomenon, and the plants in which it takes place 
are said to be etiolated or blanched. Gardeners avail them- 
selves of the knowledge of this fact to furnish our tables 
with white and tender vegetables. When the plants have 
attained a certain height* they compress the leaves, by 
lying them together, and by uiese means (or by laying 
earth over them) deprive them of the cohtact of light : and 
thus it is that our white celery, lettuce, cabbages, endive, 
&c. are obtained. For the same reason wood is white 
under the green bark ; rbots are less coloured than plants, 
some of tiiem alter their taste, &c. they even acquire a 
deleterious quality when suffered to crrow exposed to light. 
Potatoes are of tiiis kind. Herbs that grow ijeneath stones, 
or in places utterly dark, are white, soft, aqueous, and of 
a mild and insipid tastc^ The more plants are ezpoeed to 
the light, the mon colour they acquire. Though plants are 
caqwble of being nourishad exceedingly well in perfect ob- 
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aoiri^Y and ib that state tliey even grow much more 
raptdi^ than in the sun (provided the air that surrounds 
them is fit for vegetation) they are coloutiesa, and unfit 

for use. 

Professor Dax^v* assures us that red rose-trees carefully 
excluded from li^^Iu produced roses almost white. He 
likewise ascertained that this flower owes its colour to 
light entering into its composition ; that pink^ orange^ and 
yellov flowers Imbibe a smaller proportion of light than 
red ones, and that white flowers contain no light. 

But vegetables are not onfy indebted to the light for 
tiheir colour : taste and odour are likewise derived from 

the same source. , 

Light con tributes greatly to the maturity of fruits and 
seeds. Tliis seems to be the cause why under the burn- 
ing sun oi Africa vegetables arc in general more odorife- 
rous, of a stronger taste, and more iSbounding with resin* 
From the same cause it happens that hot dimales seem to 
be the native comitnes of perfumes, odoriferous fruita, 
and aromatic resins. 

The action of light is so powerful on the organism of 
vegetables, as to cause them to pour forth torrents of pure 
air from die sLirface of tiieir leaves into the atmosphere, 
while exposed to the sun ; whereas, on the contrary, when 
in the shade tlicy emit uu aii of a noxious <^uali^. 

EZPERIMEHT !• 

Take a few bandit of fresh gathered leaves of mint, 
cabbage, or any other plant ; place them in a .bell-g^s 
.filled with fresh water, and invert it into a basin with the 
same fluid. If the whole be then exposed to the direct 
rays of the sun, small air bLib1)les will appear oa the sur- 
face of the leaves, whicii gradually grow larger, and at 
last detach themselves as^ become collected at the sur- 
face of the water. This is oxygen gas. 

All plants do not emit-tUs air with the same fociUty : 
there are some which yield it the moment the sun acts 
upon them, as tlie leaves of the jacob«ea or ragwort, o( 
lavender, peppermint, and some other aromatic plants- 
The leaves a^ord more air when attached to the plant than 

* Beddoe's Pliysical and Medical Contributions, p. 790* 
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when gathered ; the quantity is also greater the fresher 
and sounder they are, and if full g^own and collected 
during dry weather. Careen phmts afford morr uir than 
those which arc of a ytllowish or white colour. Green 
fruits ailbrd likewise oxygen ^ah ; but it is not so plenti- 
fully furnished by those which are ripe« The nasturtiuiii 
indicum, in ihe space of a few hours^ gives out more air 
than Is equal to the bulk of all its leaves. 

On the contrary, if a like bell-glass^ prepared in the 
same manner, be kept in the dark, another kind of -lir 
will be diseng^agcd, ot an oppo«5ite qujlitv. The m thod 
of collecting and examining these gases will he sho\vn 
hereaiten, and the philosophy of their productioq will 
then be more fully pointed out. 

There is not a substance which, in. well-closed glass 
* vcss^y and exposed to the sun's light, does not experi- 
ence some alteration. 

Camphor kept in glass botdes exposed to light aystal* 
lizes or vegetates into the most beautiful s^'mmetrical 
figures, on that side of the glas% which is exposed to the 
light. 

Yellow wax exposed to the light loses its colour, and 
becomes bleached* Gum guaiacum» reduced to powder, 
becomes green on exposure to light. Vegetable colpurs, 
such as jhbse of safiron^ logwood, &c« become pale or 
white, lkc« 

2. EFFECTS OF LIGHT ON ANIMALS. 

The human being is equally dependent on die miiu- 
ence of light. 

Animals in general droop when deprived of light : they 
bccon^e unhealthy, and even- sometimes die. When a 

man has been long confined in a dark dungeon (thou^ 
well aired) his whole coraplexioft becomes sallow, pus- 
tules filled with aqueous humours break out on his skin, 
and the person who has thus been deprived of light be- 
comes languid, and frcqueiuly dropsical. 

Worms, grubs, and caterpillars, which live in the earth, 
. or in wood, are of a whitish colour ; moths, and other in- 
sects of the night, are likewise distinguishable from those 
which fly by day, by the want of brilUancy in their colour* 
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The difference between those insects in northern and 
sogthem parts is still more obvious. 

The parts of fish which are exposed to light, as the 
backy ^nsf Bcc. are uniformly coloured; but the beUy, 
which is deprived of light, is white in all of them* 

Birds which inhabit the tropical countries have much 
brighter plumage than those ^of the north. Those parts 
of the birds which are not exposed to the light are uni- 
formly pale. The feathers on the belly of a bird are 
generally pale or white ; the back w^hlch is exposed to the 
light, is almost always coloured ; the breast which is par- 
ticularly exposed to light in most birds^ is brighter tban 
the belly. 

Butterflies, and various other animals of equatorial 
countries^ are brighter coloured than thostf of the polar 
regicmsb Some of the northern animals are even darker 
in summer, and psder in winter* 

. 3. EFFECTS OF LIGHT ON METALLIC 

OXYDS. 

£XP£HIH£NT I. 

Effects of iiffht on muriate of siher* 

Dissolv-c pure silver in nitric acid^ and add to it muri- 
atic acid, a decomposition will take place ; iur the muri- 
atic Acid, having a stronger affinity to silver than the 
iiitric acid, will unite to it, and fall to the bottom as an 
insoluble compound called muriate of silver. 

Separate this muriate by pouring the whole on a filter 
as quick as possible, and expose it still wet to the light, 
on a plate of white glass, on the lower side of which 
black paper has been pasted : at the end of some hours it 
will be seen that the light has exercised no action but at 
the surface, \\ here the muriate will be found blackened, 
or re-approaching to the metallic state ; while at the place 
where the 1 ight did not fall there will be no akerattoo. 

Mr. T. Wedgwood has availed himself of the property 
which light exercises upon the metallic oxyds nxr copy^ 
paintings upon glass, z^nd making profiles of figures 
!)y the mere agency of lijg^t upon nitrate of silver, la the 
iollowing manner :^ 

* .Ibnnials of the Royal InstitUtioii, Kd,9. p* IH* 
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J.rt wliitc paper or leather be covered with a solution 
of nitrate of silver, place it behind a painting on glass, 
and expose it to the solar light ; the rays emitted through 
the differently painted surfaces will produce distinct, tints 
of brown or black, sensibl) differing in intensity, accord- 
ing to tile shades of the picture ; and where the light is 
unaltered the colour of the nitrate becomes deepest. 

When the bhadow of any figure is thrown upon the 
prepared surface, the part concealed by it remains white, 
and the other parts speedily become dark. 

For copying paintings on glass, the solution should be 
applied on leather ; and in this case k is more readily 
acted upon than when paper is used. 

After the colour has been once fixed upon the leather 
or paper, it cannot be removed by the application of water> 
or water and soap, and it is in a high de^e permanent. 

The copy of a paintings or the profile, immediately af- 
ter being taken, must be kept in an obscure place* It may 
indeed be examined in the shade, but, in this case, the ex- 
posure should be only for a few minutes ; by the light of 
candles or lamps, as commonly employed, it is not sensi- 
bly affected* 

No attempts that have been made to^ prevent the un- 
coloured parts of the copy or profile from being acted up- 
on by light have as yet been successful. The}' hnve been 
rovercd with a thin coating of fine varnish, but this has 
:u»t destroyed their susceptibility of becoming coloured; 
and even after repeated washings, sufficient of the active 
part of the saline matter will still adhere to the white 
parts of the leather or paper to cause them to become 
dark when exposed to the rays of the sun. 

Besides the applications of iliis method of copying that 
liave been just mentioned, there are many others. And 
it will be useful for making delineations of all sucli objects 
as are possessed of a texture partly opaque and partly 
transparent. The woody fibres of leaves, and the wings 
of itisects, may be pretty accurately represented by means 
of it ; aa4 in this case, it is only necessanr to cause the 
direct solar light to pass through them, and to receive the 
shadows tqpon prepared leather. 
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Whai the aolar rays are pamd tlirough a prkt and 
thrown upon prepared paper^ the unshaded parts are slow- 
ly copied ; but the lights transmitted by the shaded tutfts 
are seldom so definite as to form a distinct resembumce 
of them by producing diflTerent intensities of colonr. 

Professor Davy has foLindi that the images of small 
objects produced by means oi the solar microscope may 
be copied without difficulty on prepared paper. This will 
probably be a useful application of the method ; that it 
may be employed successfully, however, it is necessary 
that the paper be placed at a small distance from the lens. 

With regard to the preparation of the solution, this 
gendeman found the best proportions those of one part of 
nitrate to about ten of water. In this case, the quantity 
of the salt applied to the leather or paper will be sufficient 
to enable it to become tinged, without affecting its com- 
position, or injuring its texture. '* • 

Count Rumford has made some valuable experiments 
ooncemin^ the chemical properties lihat have i>eeii attri- 
buted to lighu* Tlus philosopher observed, that irhlte 
ribands wetted in a diluted aqueous solution of muriate 
of gold, and exposed wet to the action of the sun's direct 
nqrsy soon become tinged of a beautiful cnmsott ci^our* 
Magnesia wetted with a solution of muriate of gold* and 
exposed wet to die action of the sun*s rays» soon changes 
to a purple^ and afterwards to a deep crimson colour* 
But if the riband or magnesia, aflter being so wetted, be 
dried in a dark place, and ihcn exposed^ a dry state to 
the sun^s raySf their colour wiU not be sensibly changed 
by the action of die light. 

The fc^owing method of silvering ivory, which we 
shall transcribe from the Count's paper,| is extremely beau- 
tifid» and may become a valuable acquisition to the arts* 

Experiment III. 

Take a slip of ivory, immerse it in a diluted solution of 
pure nitrate of silver, and suffer it to be immersed till 
the ivory has acquired a bright yellow colour; then take 
it out of the solution, and immerse it in a tumbler of pure 

* Ruroford*s PhikMoph. Papers, woh t, 1802> p. 22. 

1 1. c. p. 363. 
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water, and immediately expose it, in the water, to the 
direct rays of a bright sun. After the iron' has been thus 
exposed for about two or three hours to the action of the 
sun^s light, it will appear bUick ; but on rubbing It a lit- 
tle, the bla^k surface will become changed into a metallic 
one, reaembling a slip of fine silver* 

AlthcHu^ tbiB coating of revived metal ia extremely 
^in, yet if the ivory be well impregnated with the nitrate 
of silver the solution will penetrate to a considerable 
depth^and as fast as the silver wears off from the surface 
of the ivory, the oxyd below it becoming uncovered, and 
exposed to the light, a new coating of revived metal will 
be formed to replace it, and the surface of the ivory will 
not lose ila metallic appearance. ' , 

Tht Cpmit fiffther obaerves, that this method of ulver- 
ing ivoiyf which is not only expeditious, but veiy econo* 
mioSy mighty no doubt, be employed with advantage in 
many cases, for ornamental purposes* The process is 
certainly curious and beautiful, when considered merely 

as a philosophical experiment. 

All metallic oxyds, but especiall}- those of mercury, 
bismuth, lead, silver, and gold, become of a deeper colour, 
by exposure to the bim some of them become perlectiy 
revived, others rnaSy parttally, as may be seen by observ- 
ing various pamters* coloursy preserved ii^ powder, and 
exposed tome light, in the windows of ooiour-shops. 
The yeUo# oxyd of mercury* the acetate an<I muriale, 
are very soon afiected by light. 

The black oxyd of mercury, obtained by pouring am- 
monia copiously into a neutral solution of sulphate of 
mercury (or rather on dry sulphate) exposed to the rays 
of light, becomes readily converted luto fluid quieksdver. 
. Tne yellow oxyd of tungsten, if exposed to light, loses 
Weight and becomes Uue* 

Green pnissiate of iron exposed to the solar light be- 
comes also blue. 

The rose-coloured solution of sulphate of manganese 
becomes colourless when kept exposed to the lights and 
regains its colour when removed into the dark. 
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4. £FF£CTS OF LIGHT ON ACIDS. 

£zPBftIMK»T L 

DecompotUkn of mine aadby hffhU 

If a white glass bottle be half filled with concentrated 
flitric acid, and exposed to the rays of the sun, at the end 
of some days the while acid will be converted into an 
orange-coloured and funding one, and the bottle will be* 
come filled with red vapours. If the bottle be now cai^ 
' ried into a dark place and suflfered to remain there for 
some time, the red vmpours wJtt gradually diauaiih^ and 
the acid return to its primitive or colourless state. 

Nitric acid, as we shall see hereafter, consist*; of the 
basis of two aeriform fluids, called nitrogen and oxygen. 
The acid in this instance loses part of its oxygen, which 
unites with the Ughtj and forms oxygen gas ; hence tlie 
acid becomes more volatile, and fuming. 

Hiis experiment succeeds best wtUi highly concentrate 
ed acid, exposed to the light in botdes only half filled. 

If oxygenated muriatic acid be exposed to the lig|it> 
oxygen gas may easily be obtained^ an the following manp 
ner, in considerable quantity. 

£XP£RI&I£NT II. 

DeamponHon ofoxffgenaied muriaik acid hf tigkL 

Put concentrated oxygenated muriatic acid into a bottle, 
and fit to it a bent glass tube, one end of which pierces 
the cork of the bottle, and the other end reaches under 
a bell or receiver, filled witli and inverted in a basin of 
water, care bdng taken that the tidie does not touch the 
acid ; the li^t fSlmg direcdy on addy decomposes it, 
and a part of die oxygen of the add becomes diaengpged 
in the gaseous form, and passes into the receiver. 

Thus, there remains no doubt that light acts chemically 
on various substances. We have seen that incombustible 
bodies, such as oxyds of metals, become combustible when 
exposed to the light ; that acids are decomposed by its 
contact ; that various other substances change their na* 
Ijure I ^at vegetables acquire colour, odour, taste, and in- 
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flammability : whereas, on the contrary, deprived of lig^ht 
tht'\' remain pale and insipid, and are what is called etto* 
la(€(iy or blanched. 

Light thereiore enters into the composition of bodies ; 
and its effects are so considerable, that the skilful operator 
ought to be constantly aware of the influence it may have; 
upon the prodixtn aobiutted to hia investigation* 
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COMBINATION OF LIGHT WITH DIFFER- 
ENT BODi£S. 

Philosophers have ascertained that various bodies, if 
exposed to light either at a high or low temperature, com- 
bine with it and emit it again, without alteration, under 
certain circumstances. 

Suiistances of this kind have been called SOLAR 
PHOSPIIORI, or substances which shine m the dark 
without emitting heat, atter having been exposed to the 
light. 

The world is stocked with an immense variety of bodies 
of this kind* All terrestrial objects not only possess a 
power oC absorbing light, iMit they likewise emit it again* 
^lie eyes of cats, owls, and several other animab, are 
eonstruoted sp as to collect light, to enable them to find 
their §ofii ip the dark* Water condensed into the form 
of ice or snow, emits li^t remarkably* This accounts 
for the light aflbrded by snow^ even when the heavens are 
involved in extreme darkness* The snow on the ground 
absorbs light, by being exposed to it all the day, and 
cpiits a considei ablL quantity again in the dark. 
The pi*incipal bodies of this kind are the foUpwing : 
Bqzqq^iav i^08PR0]iU8..«.The process for preparing 
this phosphorus is as follows : pieces of sulphate of iMurytea 
a^-e first made red-hot, for a few minutes, in a covered 
crucible, placed in the middle of a fire, and then left to 
cool. When cold they are pulverized in a stone mortar, 
and sifted* This powdef is formed into a paste with a 



little miicikige of gum arabic, and divided into cakes, 
cylinders, or pieces of the thickness of a quarter of an 

inch. Those pieces are dried in a moderate heat, and 
then exposedf by deg^i ees, to a more violent heat, among 
charcoal, in a strong drawing vi ind-funiace. As soon as 
die coali> are hali coubumed, tlie iurnuce must be filled a 

aecQod ^ma, wd the phoaptborua. be left undisturbed. 
When the coaJs are quite consumed, the aahet muat be 
carefully blown off with a pahr of beUows, and the phos- 
phorus is found at the bottom of the grate* 

These phosphoric stones exposed for a few minuses to 
the light, shine when taken into the dark like burnings 
coals. Even immersed in water, they ennit the same glow- 
ing light. Not only this phosphorusj but likewise all 
other phosphori of this class, lose their luminous proper- 
ty gradually, which they however regain on being heat- 
ed a second time* 

RATiGWALBt^DnKOigthe process of preparing the Bo-> 
lognian phosphorus, a partial decomposition of the suU 
phiu*ic acid of the sulphate of barytes takes place. The 
ignited charcoal, at a high temperature, has a greater 
afiinity to the oxygen of the sulphuric acid than the sul- 
phur has ; it therefore attracts it, and forms carbonic acid 
gas ; part ot the sulphur of the sulphuric acid becomes 
oius separated $ it unites to the pure barytes, and forms 
sulphuret of barytes, which seems in this union more dis- 
posed to decompose oi^gen gas than when sins^. The 
phenomenon is therefore to be conaideved analogous to n 
slow combustion of the sulphur ; the extrication of ca- 
loric, during each instant of observation, being too in- 
considerable to be appreciable either by the senses or by 
the thermometer. 

Canton's phosphorus....To prepare this phosphorus, 
take some oyster shells ; calcine them, by keeping them 
.in a good coal-fire, for aboutan hour. Then let the purest 
part of the lime so obtained be broken into pieces (not 
powdered.) To three parts of it^ add one of flowers of 
sulphur, and place the whole in layers, in a crucible, 
tightly. Let it then be placed in the middle of a fire, 
where it must be kept red hot for an hour at least ; it may 
then be removed to cool. When it is cold, select the 
brightest part, M hiih, if good, will shine in the dark. 
This h to be kept in a wide-mouthed glass phiai^ well 
closed. 
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This IS Canton's phosphorus. The qutnttty of light 
which a little of it gives, when bM>iight into a dark room, 
after it has been exposed for a few minutes to the sun^ or 

even day-light, is sufficient to show the hour by a watd^ 
if the eyes have been previously kept shut a minute or two* 

Rationale.. ..Analogous to the iormer, 

Baldwin's phosphcikus....Is a combination of nitric 
acid witii liine, obtained by dissolving carbonate of lime 
in nitric acid, and evaporating the solution in an earthen 
vessel to dryness. This solid salt is then to be rammed 
into a crucible, which is placed in fitut middle of a good 
fire, where it is to be kept till the whole mass becomes 
liquid. As soonju the mass has fused about eight mi* 
nutes,the crucible is to be removed, and its contents pour- 
ed out into an iron pot, previously heated. This mass, 
when still hot, is to be preserved from the contact of the- 
air in a well-stopped phial. 

Baldw m\ piiosphorus, when well prepared, shines with j 
a bean^fcd wmte light, after having bean exposed to the | 
' sun for a few hours* 

Modem observations have made us acquainted widi i 
several other bodies which possess the property of shin- 
ing, after having been exposed to an elevated tempera- 
ture. We know that not only all neutral salts with a 
base of barytes belong to this class, but also many other 
substances, namely, diamonds, and several precious gems^ 
magnesia, carbonate of magnesia, sulphate and c^u^bonate 
of lime, alumine earth, sulphate of po^h, sulphate of 
strontian, some metallic oxyds, cotton wool* appatite, zeo- 
lite. Sec. display the same phenomena. 

The combination of fluoric acid with lime, commonly 
called fluor spar or fluate of lime, is remarkable on ac- 
count of its property of shining in the dark, at an elevated 
temperature only. When tht; phosphoric fluor spar is re- 
duced to a fine powder, nntl plac( d in contact with any bo- 
dv, heated to about 212* Fabr. though not ignited, and 
afterwards taken into a dark place, it shines ¥rith a phos* 
phoric light. By this means may be performed writings, 
drawings, &c« upon an iron or copper piitte, with a thin 
mucilage of gum arabic, or with white of egg, and strewing 
over it some fine powdered fluate of lime. When this is 
dry, all the superfluous powder must be carefully blown 

and the plate removed over a gentle coal iirc* As soon 

» - 

I 
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« It is heated the delineated objects become Itnuaoiiaf 
•tod opaque ag^in when the plate becomes cold. 

Not only lapis lazuli, several kinds of stones, &c. be- 
come luminous in a high temperature ; but also Dr. Ma- 
rum observed, that a phosphoric light is discernible in ex* 
pressed oils and animal mm» wliaa liealediD 4S0^ Falur. 

PHOSPHORIC SUBSTANCES WHICH BECOME LU- 
MUiiOUS BY ATTHiTlON OR P£RCySSiON. 

The most celebrated and most anciently known body 
of this kind is called 

Homberg's PHOsPBoRus....Homberg's process for ob- 
taining this phosphorus is as follows: one part of pow* 
dcredmnrtatt of immmila is mixed inth two of iiowder* 
ed lime» introduced into a red-hot cmcifak, and kefit hot 
^SSL the mixture becomes liquid. As sooo at tiw mass 
has been fused for a few minutes, it is poured ont into a 
heated iron pot, broken into pieces^ ani praerved in a 
well-stopped phial. 

This substance has the property of emitting a phospho- 
ric light, when struck or excited with a hard sharp body 
in the dark. When a red hot poker is dipped into the 
filsed sufaetmee, and rubbed after it is cool with anoAter 
piece of metal, it becomes Uu^inous, and gives out phos- 
phoric sparks and light. ** 

This phosphorus is obtained more conveniendy, as well 
as at less expence, v hen that portion of murintc of lime 
which remains in the retort, after the decomposition of 
muriate of ammonia by lime, is melted, and then exposed 
for some minutes to such a degree of heat as is sufficient 
to melt the surface of a green glass matrass ; it acquires 
die property of giving fire with steel, and emits phospho- 
ficmrlEs and flashes of light in a high degree. 
" 'Tnose kind of phosphori or subatances which give a 
perceptible sparkling light by attrition or percussion, wtdi- 
out having been exposed either to the solar light or fire, 
are likewise numerous. Flints, and several other siliceous 
stones, struck against one another, appear luminous in the 
dark, some through the whole mass, others only on the 
side struck upon. 1 remoUt, phosphate of lime, black-jack, 
and other stones of diis genus, become lunMnons or yieH 



Digitized by Google 



flMplK^ric light in the iktft, wlwn stradc wMi ft ikaaf^ 

instrument. Gum elemi, various resins, and sugar, etnit 
a perceptible lif^ht by attrition or p^ciiuioni Without hav^ 
ing been exposed to light or I^eat. 

Mr. r. Wedgwood* hat published an excellent pi^er 
on the light prodiiced by attrition. 

Mn CoatMt of Clifton obs€#ved| that if two pieces of 
bonnet-cane were rubbed together in the dark, light was 
liberated. Professor Davy, who ptn^ued tins experiment, 
^imnd 4Mt sO canes of this kind when briskly ruUnsd to- 
gether produce sparks of white light, which are more vi- 
vid on collision. 

But the most perfect phosphorus of this ciass is sub- 
borate of soda. o plert s of this salt struck one against 
another, or a switi blow with any sharp instrument upon 
it, produces snch a flash of whics tight, as none of the 
liefui e-iusntioncd sahstanoss aro capaU^ of giving - 

Other nfastances agak emit light on hnrncfSMm into 
acids. 

Mr* Westrumb:^ observed, that when fresh prepared 

map^nesia is thrown into concentrated snlpburic acid, light 
IS Hberated, which produces an appearance similar to that 
known by the name of red heat* " * 

■ 

EZP£RIM£KT I« 

ax 

To perform this experiment, about two scruples or 
one drachm of magnesia, recently freed from carbonic 
acid by heat, must be put into a tea-cup, and half an ounce 
of highly concentrated sulphuric acid poured over it at 
once, so as to cover the magnesia* A prodigious quantity 
of vapour is instantly extricated; sparks are thrown about, 
and the mixture becomes ignited. Mr* Wtstrumb ob- 
served, that coloured (or partly deoxygenized) sulphuric 
acid answered the purpose better than when the acid was 
colourless. 

During the combination of lime with muriatic acid, and 
of drjr potash or soda with sulphuric acid, a white light 
i$ uniformly perceived* ^ 

* PhUosoph. Trans. 1792- 

•f Nicholson's Jonm:il, Mav, 1799, p. 56. 

i Oreirs Cheroic. Annalu, 1784, p. 432. 
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Various animal and vegetable substances likewise emit 
light, under peculiar conditions only. Fish, and several 
other marine animals, both in a living state and when 
deady possess this property ; as instances of the first may 
be mentioned the shell- fish called pholast the medusa phos- 
phorea, and variona other m«//M«car. 

In the daaa of insecta* are many which enut light very 
copiously, partitulaily several species oifulgoray or lantern 
fly ; and of iampyri$^ or glow-worm ; also the ecotopendra 
ekctrke^ and a species i<» arab» called cancer fulgene. 

Rotten wood is well known to emit light spontane- 
ous^* Peat earth has the same property. 

liie flesh of quadrupeds has also been observed to . 
emit light. 

The softest parts become often totally phosphoric ; it 
appears in this state as if sprinkled over with gems* 
Upon touching the brilliant luminous particles they come 
00*, and appear almost liquid* 

The medullary substance of the brain Qf human beings, 
or rather the nervous system in general^ is said to possess 
this property in a high degree : it is this particularly 
which gives rise to those phosphorescent lights frequently 
observed in anatomical theatres. Citizen Cabarris, who 
read a memoir on this subject before the national institute, 
remarks, that a variety of observations have made him 
conclude, that the quantity of phosphorescent matter 
after death bears some proportion to the activity of the 
nervous system during life. 

Dr. Hulme has made some interesting experiments on 
the light which is spontaneously emitted Irom various 
bodies. He believes (as is highly probable) that the light, 
is a constituent part oi many animals, particularly of the 
marine fishes ; that it may be separated, collected, and ren- 
dered permanent for some time by peculiar processes, for ' 
which we refer our reader to the interesting, curious, and 
well-conducted experiments enumerated in his paper** 

NATURE OF THE PHOTOMETER. 

In order to measure the relative intensity of light emit- 
ted by luminous bodies, various kinds of contrivaii^es, call- 
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ed PHOTOMETERS, have Hccn contrived. The most perfect 
instniTnents of that kind are the photometer of Count 
Rumford and dial of xMr. Leslie. Count Rumford's me- 
thod of measuring the comparative intensity of two lights, 
is to place the two lights at such distances from a given 
plane, that the shadows cast by them appear equally 
dark ; and since the intensity of light must obviously 
decrease as the square of the distance increases, it be- 
comes easy to calculate from the distance determined, the 
origins) density of the lights compared. The Count found 
by means of his photometer^ that the saving in the quan- 
tity of oil consumed by an Argand's lamp, compared with 
one of the common construction with a riband wick, 
amounted to about 15 per cent, in the production of an 
equal quanti^ of light. He also ascertained, that an 
Argand's lamp of the common size well trimmed, and 
burning with its greatest brilliancy, emitted about as much 
light as ten common wnx candles, each three-quarters of 
an inch in diameter ; and that the light of a good wax 
candle varies from 100 to about 60: if, namely, such a 
candle when newly snuffed, and burning with its greatest 
brilliancy, emits a quantity of light = 100, its li;^ht will 
be reduced to 20, and even as low as 16, when it is suffer- 
ed to burn very dim for want ol lieing snuffed. The loss 
of light emitted by a tallow candle under similar circum- 
stances was found to be much j^reater. A particular ac- 
count of the principles on which count Rumford's pho- 
tometer is founded, together with some masterly draw- 
ings ot the instrument, may be found in Ccumt Kuxnford's 
work,* from which these data have been copied. 

The ratio of the intensities of luminous bodies, for in- 
stance, two candles of unequal size, may also be measured 
with tolerable accuracy, by placing them at difoent 
distances from a given object^ until that object casts two 
shadows of equal density or darkness i or by observing 
when two equiu objects appeared to be equally illuminated, 
each by one of the lummous objects : for then the pro- 
portion of the intensities of their lights wa|s reckoned to 
be as that of the square of distances : for instance, if two 
equal objects appear to be equally illuminated, when 'one 
of them i$ three feet from a tallow candle, and when the 

* Runibtd^s Pbiloaopbteal Papers, 1802, p. 
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other is nine feet from a wax candle, then it is concluded 
.that the intenaity of the light of the tallow ia to that of 
the wax candle as 9 to-81. 

Thus far we have examined the two imponderable sub«> 
stances diffused through space, namely caloric and lig^t* 
They have been considered by different philosophers as 
substances whusc particles mutually repel each other^ for 
they are never found cohering together. 

They agree in many of thcii properties : they radiate 
from hot or luminous bodies with inconceivable velocitv > 
they are tranamittedy reflected, and refracted, by different 
aubatancea ; while they have the property of comhihing 
with othera* 

Caloric, we have aeen, ia the cauae of the sensation of 

heat ; it produces expansion, is the cause of fluidity, &c. 

Light, on the other hand, produces the sensation of 
vision, and is the cause of ccdours. Both substances do 
not effect the ponderability ot bodies. All attempts to 
weigh them have hitherto been in vain ; they have there- 
fofe been called ufPomDERABLB strBaTANCsa: if they 
are abaolutely mponder&us^ is left to the determinatioa of 
the mote aooceaafiil labours of future inquiren. 
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SUBSTANCES NOT YY.T PRODUCIBLE BY ART, BOX ANALQ- 
GICALLY CONSIDERED AS SIMPLE. 



BBSBsaeaBima 

PART X. 



OXYGEN. 

AS the two agents which have formed the subject of 

our last inquiry mav !>c considered as the great Instru- 
ments of analysis and synthesis in the phtnomtrKi oi na- 
ture ; so likewise will those substances vvhicli will form 
the subjects of the present part, though long unknown, or 
Ul understood to men, prove no less interesting, and entitled 
to our attention. They ajSbrd to our art instruments and 
means not less important^ and necessary to be known. 

Ooeygeriy though long concealed from chemists, and as 
it were eluding the ancient methods of analysis in their 
possession : though it be an independent substance very- 
distinct from every other, it is not easy to j^ive a clear 
notion or precise definition of this body, hecaust.: this sub- 
stance, existing sometimes in a solid imd somelimcs in an 
aeriform state, is never distincdy perceptible to the hu- 
man senses, but io combination* Nevertheless, it can be 
weighed and measured^ combined and disengagec^ 

We know it only in its combination, by its effects* 
Nature never presents it solitary ; chemists do not know 
how to insulate it. We are therefore obliged to consider 
it at first as an abstract lit in or metaphvsical entity, 
when we wish to avoid speaking of its combinations* 
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Chc3rgen is absorbe^sle by combustible bodies, and con- 
verts most of them into acids. This is, in fact, one of 
tbe most characteristic properties of this body, ftr&t dis- 
covered by Dr. Priestly in the year 1774. It is an in- 
dispensable condition of combustion, uniting itself always 
to bodies which bum, augmenting their weight and chang-^ 
ing their properttes. It may be disengaged ia the state 
. of oxygen g:^ from burnt boms^ by a joint accamiilatioii 
of caloric and light. It is highly necessavy Ibr the respi- 
ladan of anim^, and for the support of plants. It ex* 
ists imiversallv dispersed through nature, and is a consti- 
tuent part of atmospheric air, of water, of acids, and of 
all bodies of the animal and vegetable kingdoms. 

One of the most remarkable combinations into which it 
is capable of entering, is that which it forms with light 
and caloric. The nature of that mysterioiis union has 
not been ascertained ; butit is certain that in that state it 
constitutes the gaseous fluid called ozvosif GAs» which it 
win be more proper to consider hereafter. 

The combination of oxygen with different bases, is 

ment, 

SECT. U. 

HYDROGEN. 

Hfydrogen is another substance not perceptible to our 
sensations in a separate state ; but its existence is not at 
all the less certain. 1 huugh we cannot exhibit it experi- 
mentally uncombined, we can pursue it while it passes out 
of one combination into another : we cannot indeed ar- 
rest it on its passage ; bat we neyer fail to discover it, sit 
least If we use proper chemical means, when it pre- 
sents itself to our notice in anew compound. 

H3rdrogen, as its name expresses, is one of tlie consti- 
tuent elements of water. Its existence was unknown till 
lately. It is plentifully distributed in nature, and acts a 
very considerable part in the processes of the animal and 
vegetable economy. It is one of the inj^rt. clients in the 
mixtures of bitumen, of oils, fats, ardent spirit, ether, and 
in hst 0^1 all the proximate component ports of all aniras|| 



and vegetable bodies. It forms a constituent ptrrt of all 
animal and vegetable acids. It is one of the bases of am- 
monia, and of various other conipounfl gases. 
. . It possesbes so great an aihmty with caloric, that it can 
only exist in ikit atate of ga« : it u consequently impos- 
sible to procure it in the OHvrete or liquid state, inde- 
pendent of combination. 

Solid bydrogeOf therefore, united to caloric and li^^ 
forms BTDAOOKN GAS, which will be noticed in its proper 
place. 



SECT. m. 

NITROGEN. 

Nitrogen or azote is another simple body in the same 
condition with res^ard to us as hydrogen and oxygen. 
It is very abundant in nature, though not producible alone 
or in an insulated jjtate. It is not distinctly perceptible 
to the human senses, however aided by instruments. We 
know it only in its combination. But the reality of its 
existence is unquestionable ; since we can mark its pass- 
age out of one combination into another ; siqce we know 
the laws of chemical attraction to which it is subject ; 
since we discern the precise character of those simple sub- 
stances with which it is combinable, and can distinguish 
the nature of the new compounds which the combination 
products. The separate existence and peculiar nature 
of this substance were first discovered by Dr. Rutherford. 
It is the radical principle of our atmospheric air^ and other 
gaseous substances* and forms a constituent part of ani* 
mal and vegetable substances* It is a component part of 
the nitric^ acid, and of ammonia. It probably alters into 
the formation of alkalies, and it is considered 1^ some 
as a real alkaligen or alkalizing principle, in opposition 
to oxygen, which, as wc Iiav c noticed before, is the prin- 
ciple of acidity. One of the most remarkable combina- 
tions into which nitrogen is known to enter, is tliat which 
takes place between it and light and caloric. The com- 
pound thus produced is called mitrogxn gas^ which shall 
gjbe treated of in a farther part of this work* 
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We have noticed these three substances here separate* 
ly,. because they act so very important a part in all the 
phenomena of chemistry, that it is requisite lo have souie 
previous notion of them before we proceed any farther. 

^ They shall he more circnmstantially described hereafter, 
together witli the rest of the bodies enumerated before in 
the table oi simple substances. 
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COMBUSTIBLE BODIES, DESTITUTE OF 
METALLIC PROPERTIES. 



SULPHUR. 



PART XL 



SECT. I. 

NATURAL HISTORY OF SULPHUR. 

1 

SULPHUR, which is also known by the name of brim* 
stone, is the nnlv simple cnmlnistihle substance which 
nature offers pure nnd in abundanc e. It was the first j 
known ol all. It \v:is on this substance that the irif^enious j 
Stahl most particularly established his theory of phlogis- ! 
ton, which has governed the schools during a century. In ' 
general, sulphur, even considered as a principal subject 
in chemisUy, has been at all times one of those which 
have participated die most In the different changes which 
the science has experienced, and concerning which philo« 
sophers have been morf' particularly employed. Sulphur 
is consequently a body whose combinations are the most 
numerous* and, at present, the best understood. 

It is found abundantly in the earth, and exists external- 
ly in depositions, in sublimed incrustations, and on the 
surface of certaQi waters, principally near burning volca- 
noes* It is found combined with many metals. It exists 
in vegetable substantes, and has lately been discovered 
by Mr. Carlisle in the albumen of eggs.* 

Sulphur in the mineral kingdom is either in a loose 
powder, or compact and crj-^stallized ; and then either de- 
tached or in veins. It is found in the greatest plenty in 

* Nicholion*^ lovnal, Auguttj 1801» p. 17B. 



Digitized by Google 



^wxUProperHet of Sulphur. Iff 



the neighbourhood of volcanoes or pseu do -volcanoes, whe- 
ther modern or extinct, as at Solfatara^ &c.and is deposited 
as -A crast on stones contio^aous to them, either cr\'stallized 
or amorphuub. ii is liec^ucndy met with in miuertii wa- 
ters, 4nd in caverns adjacent to volcanoes ; sometimes also 
in coal-iiuncs* It is found in combination with moat of 
the metals. When united to iron it forms the mineral call* 
ed martial pyrites^ or sulphur pyrites. All the ores known 
by the name of pyrites, of which there are a vast variety, 
are conribinations of sulphur with different metals; and 
hence the nnmes of copper, tin, arsenical, &c. pyrites. It 
exists lik:e\\ ise in combination with alumina and liine ; it 
then cuubiitutes diilcrcQC kinds of schistus, or alum ores* 

It occurs cmnmonly In masses in gypsum and mads* 
It is sometimes found veins that traverse primitive 
rocks. It occurs also in nests in lime-stone* Very lately 
the celebrated and enterprising Prussian traveller Von 
Humboldt has discovered a bed composed of sulphur and 
quartz, in a mountain of micaceous slate.* 

Sulphur is found in Europe, at Baadcn in Austria, at 
Lauenstein in Hanover, at Artem inXhuringia, Schwartz- 
walde in Swabia, at Jura in Switzerland, Lothringeu in 
France, in the mountains of Grenada, Andal u sia, and 
Contl, near Ca^z, in Spain. 

What is called by mineralogista volcanic sulphur oc- 
curs only in volcanic countries i where it is found in 
greater or smaller quantity amongst laya» Solfiuara, in the 
vicinity of Vesuvius* &c. 

PHYSICAL PROPERTIES OF SULPHUR^ 

Sulphur is a combustible, dry, and exceedingly brittleE 
body, of a pale lemon-yellow colour. Its specific gravity 
is 1.990. It is destitute of odour, except when rubbed or 
heated* Itis of a peculiar faint taste* It frequently crystal- 
lizes in entire or truncated octahedra, or in neadles* If 
a piece of sulphur of a considerable size be very gendy 
h^ted ; as for example, by holding it in the hand and 
squeezing it firmly ; it hrmks to pieces with a crackling 
noise. It is a non-conductor ot electricity, and hence it 
becomes electric by friction. When heated^ it first soltcns 
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before it melts^ and its fusion commences at 184<' Fahi*. ; 
at 289** it becomes volatilized, and takes fire at 302^. In 
tVie hf jvinninp; of fusion it is very fluid, but by continuing 
the ht^ :*t it grows tough, and its colour changes to a red- 
dish hrou n. If in this condition it be poured into water, 
it remains as solt as wax, and yields to any impression.^ 
In time» however, it hardens again, and recovers tts 
former consistence. 

» 

It unites with most of the earths and with all aUcalteSy 
with muriatic acid, and becomes s<duble, when thtts fom- 

bined, in water. It unites to most of the metals, and 
renders them brittle artrl fusible. It is soluble in 'oils ; 
water t ikes up a minute quantity, as does ardent spirit 
and ether by means of heat. It dissolves in hydrogen 
gas, and unites to phosphorus by fusion. 

Sulphur* like all combustible bodies, bums in proportion 
to the quantity of oxygen which combines with it. 

If melted sulphur be exposed in the open ur to an 
increase of heat, it takes fire, and bums with a blue flame 
and suffocating vapour. The result of this combustioa is 
sulphureous ncid. According to tbe slow or rapid com- . 
bustion, it absorbs difTerent quaniitiLS of oxygen, and 
* the produced acid differs in if^s properties. Sulphur heated 
" in a close vessel sublimes witliout alteration. It is not 
changed by exposure to air. It is attacked by the nitric 
acid when poured on it in Its fused statew 

METHOD Of OBTAINING SULPHUR. 

A prodigious quantity of sulphur is obtained from Sol- 
iatara, in Italy. This volcanic country every where ex- 
hibits marks of the agency of subterraneous fires : almost 
all the ground is bare and white ; and is every wher^ 
senubly wanner than the atmosphere, in the p;reatest heat 
of summer ; so that the feet of persons walking there are 
humt through their shoes. It is impossible not to observe 
the sulphur; for a sulphureous vapour which rises through 
differeijt [Apertures is every where perceptible, and gives 
reason to believe that there is a subterraneous fire under- 
neath from which that vapour proceeds. 

From pyrites sulphur is extracted in the large way b\ 
the following process : 
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Pyrites is broken into small pieces, and put into large 
earthen tubes, which arc exposed to the heat of a furnace. 
A square vessel of c:ist-iron, containing water, is connect- 
ns n receiver with the tube in the fiirnncc. The action 
of the fire proceeds, and the sulphur being thus melted 
is gradually accumulated on the water in the receiver. • 
' It is then removed from this receiver, and melted in 
large iron ladles ; in consequence of which, the earthy 
parts with which it was contaminated are made to sub- 
side to the bottom of the ladle, leaving the purified sul- 
phur above. It is then again melted, and sulfered to cool 
- gradually, in order to free it from the rest of the impuri- 
ties. It is then tolerably pure, and constitutes the sul- 
phur we meet with in large masses or lumps in the markets 
In order to form H into rolls, it is again melted and 
poured into cylindrical wooden moulds : in theae it takes 
the form in which we usually see it in commerce^ as roll 
sulphur. 

Flowers of sulphur, as Aey are called, are formed by 
subliming purified sulphur with a gentle heat in close 
rooms, where the sublimed sulphur is collected ; though 
the article met with in general, under that name, is n6> 
thing but sulphur finely powdered* 

METHOD OF PURIFYING SULPHUR. 

Take one part of I'lowers of sulphur, boil it in twentf ' 
parts <)i distilled vvau r in a glass vessel for about a quarter 
of an hour; let the sulphur subside, decant the water: and 
then wash the sulphur repeatedly in distilled water ; hav- 
ing done this, pour over xt three parts of pure nitro^muri** 
atic acidy diluted with one part of distilled water ; boil 
it agun in a glass vessel for about a quarter of an Hour* 
decant the acid, and wash the sulphur in disdUed water 
till d^e fluid passes tasteless, or till it does not change the 
blue colour of tincture of cabbage* or litmus. The sul- 
pbuf thus carefully treated is PUR£ SULPHUR, fit for 
philosophical experiments. . 

We shall now endeavour to prove spme of the before 
stated properties of sulphur. « . . " 
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mo Proofs oj the Properties of Sulphur. 



SECT. n. 



EXPERIMENTAL PROOFS OF THE PRO- 
PERTIES OF SULPHUR. 



£XP£RJM£NT I. 

I 

" j 

SIffw cmiustion of nUp&ur* 

PUT some threads preyiously dipped in ^sulphur into 
a cttp or other vessel floating on water. Set fire to the 
threads, and coyer the whole with an in^'erted glass re- 
ceiver. The threads will continue to burn lor some time, | 
and the whole receiver will become filled with a dense 
white vapour. The water wiil ascend into the receiver. 
The whole is then to be left til} the v^esscl is become again 
transparent. If the w^terlie now examined, it will have 
a sufibcating odour and taste* It will turn the Uue co- ^ 
lour of litmus paper red^ and exhibit all the Other slgna 
that an acid has been formed, 

RATloNALE...The sulphur, being a simple body, has at 
an elevated temperature a great affinity to oxygen ; it 
tlieiL fore attracts it irom the atmospheric air, and thus 
becomcb converted, by slow combustion, into suiphure- 
ous add gas, wluch is absorbed by water. The volunie ■ 
of air wi£i|i the receiver being 4in^iiusHedy is the cause 
of the ascent of the ftuid^ 

This experiment may perhaps be more conveniently 
performed by covering burning sulphur contained in a 
crucible with a large receiver, and then placing the ap- 
paratiis in a broad dish, and surroun4mg it with water. 

. . £XP£|LIM£NT lit . ' 

Rapid comkustion oJ sulphur* . 

Take a large receiver, or any other round-bellied bottle 
with a wide. orificc».coftu>ining a little waier ; ^t a bun^ 
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to close it» and fasten to this bung an iron or copper spbon, 
contsisimg a mixture of one part of nitrate of potash and 
61X of sulphur, blended together. Set fire to the mixture, 

and introduce it expeditiously into the vessel, talcing care 
to close the mouth accurately. lu this case, the combus- 
tion will go on very rapidly, and the water at the bottom 
of the ve<^sel will become sour> but without possessing 
much suffocating odour. 

RATiONALK....In this experiment the combustion is not 
slow, but on tlie contrary very rapid ; tor the nitric acid 
of the nitrate of potash is decomposed, and furnishes 
oxygen gas, into which the sulphur iji plunged the instant 
of its inflammation. It theref(jre absorbs a much greater 
quantity of oxygen, and furnishes sulphuric actd^ different 
in properties from the former, which is not completely 
oxygenated) and thetefbre is pungent and volatile. 



£xPSRIMfilIT Il£ 

Sulphur is soluble in ardent spirit only in a state of extreme 

comminutionm 
t • 

If a piece of sulphur be left in contact with ardent 
spirit for any length of time, the spirit will not act upon 
it ; but if we present the sulphur in its smallest division 
to the spirit, an union will then take place. 

To perform this experiment, put pounded sulphur into 
a mattrass furnished with an alembic ; suspend within it 
a cup or wide-mouthed bottle containing very strong ar- 
dent spirit, then put on the alembic, and adjust a phial 
to the bealc ; lute well the joinings, and heat the lamp. 

The sulphur and spirit will now meet in a state of va- 
pour, and the fluid which distils over will contain sulphur 
in solutionr 

To prove that sulphur is dissolved in the spirit, water 
Toxy be added : the spirit will unite to the water, and the 
sukihur be precif^tated. 

This furnishes an instance that chemical mttraction takes 
place onljr between the minutfsst parts of bodies* (See 
page 46.) . ' ' , \ 
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EXPERIHSKT IV* 

I 
I 

Sulphur U iohtble in tu^hurk ether. 

Take one part of sulphur reduced to a fine powder, put ' 
it into a bottle, and pour over it eight of sulphtmc ether; 
snfier the mixture to stand for aome days* taking care to 
agitate it frequendy. On decanting the supernatant fluid, < « 
the presence of sulphur may be proved, as stated before* 

ExpEaiuxNT V. 

Action of caloric on sulphur. 

If sulphur be put in a crucible placed among burning 
ooals, it wiH soon enter into fusion. This first fusion is 
' liquid ; but if it be kept longer over the fire it becomes 
tenacious^ very thick, and dark coloured. When poured 
into water in this state, it will be soft as wax* and may 
be easily worked into nr!'\' form beiuf en the fingers, in- 
stead of lie in '^olicl or brittle, as sulphur is in conrmrion. 
Sulphur in this state may be employed with advantage as 
a paste for taking impressioj^s ironi seals and engraved 
stones* 

It is this property of sulphur of which Mr, Tassie haa 
avdled himself to furnish elegant impressions of antiqjie 
gems. 

It is supposed that sulphur rendered tenacious and co- 
loured by fusion has combined with a portion of oxygen; 
and hence Fourcroy has given it the name of oxvf! of sul- 
phur. According to Dr. Thompson it contains 2.4per cent, 
of oxygen. Dr. Thompson was unable to produce this 
change in the appearance of sulphur by heating it in a flat 
dish, where nothing impeded the volatilization, though he 
kept it melted in a glass capsule on sand heated to i350* for 
ten hours together.* But the change took place in a short 
time when a considerable quantity of sulphur was kept ' 
melted in a crucible ; and the greater the quantity of sul- 
phur empln\ cd the sooner the change took place, and 
the n^orc complete it was effected. Dr. Irvine asserts that 

* Jiklioliiou's JournaJ, Oct. 1803, p. 102, ' 
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' the sh^e of tbe vessel does not influeBcelHe tbickening 
of tislphiir hy beat» provided enough of heat is employed 
and tniit the effect never fails to appear if the smphtir he 

exposed to the proper temperature necessary to produce 
this change. Dr. Irvine found that this thickening be- 
gins at 320" Fahr. and continues, and even increases^ tO 
tl^e temperature of 530", and even 550, at least. 

If melted sulphur be withdrawn from the fire as soon * 
as it is completely melted, and left to cool slowly, its 
parts assume a regular symmetrical arrangement, dispos- 
ed In needles, which form a crystallization of sulphur. ' 

If the vessel in which the sulphur is kept melting be 
covered with another vessel, ana the air be excluded hy 
luting, flowers of sulphur will be obtained in the upper 
vessel. As it seldom happens that there is not a small 
quantity of sulphur burnt in this process, the sublimed 
sulphur is usually in a slight degree acid; hence the acid 
siiQuId be removed by ablution. 

COMBINATION OF SULPHUR WITH 

METALS. 

Sulphur uad iron have a great attraction to each other: 
th& iron becomes of easy fusion and iMritde by this motion. 

Experiment L 

Formation of sulphuret of iron. 

If a bar of iron be heated to perfect whiteiiess and then 
touched with a roll of sulphur, the two bodies combine, 
and drop down together in a fluid state, fonriing sulphu- 
ret oi iron, a compound of the same nuLuie ai> the native 
'iron pyrites. 

By this method a piece of iron rolled out very thin may 
he apparently melted in the hand, by putting it, when, 
heated to whiteness, upon a thick piece of solid sulphur. 

Remar k»»*,lt is necessary that this experiment be per- 
formed under a chimney, or in a place where there is a 
current of air, to carry off the suffocating vapours. • 

If three parts bv welj^ht of iron filings and one of pow- 
dered sulpiiur be miiigled together, and the mixture be in- 
troduced in a Florence flask, placed over the lamp furnace, 

* Irvine's £ss»ys on Chemical Subjeets. 
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and gradually heated, it first begins to rndty but after* ' 
wards takes fire and boms vividfy. The result u a brown- 
ish black sulphured wei^mg three ounces and six 
drachms* 

£XPS&IX£»T II* 

SulphurH anerucm 

If one part of sulphur and three of arsenic* both re- 
duced to powder, be melted together in a covered cruci- 
ble, a reddish yellow vitreous mass is obtained, which is 
. a true sulphuret ot arsenic. It is a perfect imitation of 
the native red sulphuret of arsenic, or realgar. It may be 
formed also by healing tugcllicr the white acid ui ariicmc 
and sulphur* 

Experiment ill. 

Sulphuret of lead. 

To obtain tbis compound^ let five parts of load be fus- 
ed, and add gradually, by little at a time, two parts of 
sulphur, taking care to cover the crucible carefully. The 
compound thus obtained is sulphuret of lead. It greatly 
resembles the native sulphuret. 

EZPSRIMSNT IV* 

Sulphuret of titu 

This sulphuret may be produced by fusing together 
three ounces of tin and one of sulphur. It cryvtattlzes in 
leaves. Its colours is lead gray. 

Experiment V« 

♦ * 

Sulphuret of antimony. 

Sulphur combines easily with antimony, and forms a 
compound irreatly resembling the native sulphuret of an- 
timony. To produce this sulphuret, let four parts of an- 
timony and one of sulphur !)e hastily fused together in a 
covered crucible, and suiicr the mass to cool slowly. It 
crystallizes in needles. Its colour is a brilliant ^y. 
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Sulphuret of aiher. 

To obtain this sulphuret, let thin plates of silver and 
sulphur be laid alternately in a crucible ; press them weU 
together, and remove the crucible into a coal fire. Aa 
soon as the crucible has acquired a bright red heat the 
sulphur will have combined with the sUver, and a true 
sulphuret of ulver is the result. Tins sulphuret is of a 
4eep violet e<^oor : it is britde, but capable of beings cut 
with a knife. It b much more fusible ihw silver. 

£XP£&IM£NT VII. 

Sui^huret of hUmutifu 

If we heat together equal parts of bismuth and sulphur, 
both reduced to powder, in a crucible, ^ mixture fuses^ 
and on being sumred to cool, a grayish Uadt sulph^net of 
Insmuth is obtained, beautifiilly crjrsMlized In yedles, and 
frequently tinged with the most brilliant de^i Uue and * 
red colours. The crystallization is best Reeled by suf- 

• fering the surface of the fused bismuth to cool and be- 
come solid, then piercing the solid crust, and letting the 
portion which is still liquid run off, whereby a kind of 

• cavity is formed, lined with the most brilliant needles, 
and which, when sawed through longitudinally, presents a 
CfystaDine mass worthy of being plaoed in valuable coOee* ' 
tions amongst the most beautiful productions of art. 

This sulphuret of bismuth is much more difficult of 
fusion than bismuth itself. Indeed, in forming the com- 
pound, we soon perceive that the fusion of the metal is 
retarded, and that, in order to fuse it, much more heat 
must be employed than would be necessaty if the metal 
were by itself. 

EXPBRIKSIIT VIII* 

Sulphuret of Copper* 
(Aceetuhn if sulphur and meUUt,) 

The union of sulphur with copper and other metals, at a 
low temperature, is attended wiui some remarkable phe- 
nomena. In order to exhibit this e^^eriment, mix three 

VOL. 1. S4 
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pttrts of copper filings and one of sulphur reduced to 
powder intimately together : introduce this mixture into 

a glass tube or Florence flask, and heat it gradually over 
a lamp or coal fire. After the mixture has been heated to 
a certain dt grec, it begins to swell, and a small ignited 
spark becomes first visible at the bottoiu of the glass ves- 
sel, which increases in size, exhibiting a combustion more 
rapid than that of iron and sulphur, mentioaed he£qre« 

A society of Dutch chemists, consisting of Messrs. 
Dicman, Pacts, Van Troostwyk, and others, were the 
'fint who observed this phenomenon* 

They introduced filings of copper with different pro- 
portions of sulphur into small glass phials, from which 
common air was excluded ; being in some cases filled j 
with carbonic acid gas, or nitrogen gas, and in others 
yfith water or mercury^ 

"Whenever the phial was heated under any of these cir« 
cuBistanres, ihe mixture began to swell, the metal alwqrs 
^Moave red hot^ and in some cases real inflammation took 
* place, notv^thstanding the exclusion of oxygen gas* 

The propoflions that produced most i^ition or f^aXOft 
were forty parts of copper and fiiteen of sulphur. 

Tin and sulphur succeeded in the same proportion. 

Lead and sulphur, the proportions being as forly-five 
of the former and fifteen of the latter. 
' Zinc and su^huc. In the same proportion, burned with 
explosion* , 

Mercuty, antimonyy and CQbah, could not be made to 
inflame with sulphur* 

These experimenta aucceiBd isquaUy well in the 'XotAt 
o^Uian, vacuum. ' ^ 

COIVIBINATlOxV OF SULPHUR WITH 

ALKALIES. 

Alkalies and sulphur have a great a4^tty to each other 
!tt the dryaswcU as in the huinid way. 

]^XP£RIM£NT L V 

Frepturathn of nUphuret of poiaah* 

If four parts of carbonate of potash be melted by a mo- ^ 
a'erate heat, widitliree of suipiiur, m a cuvtrcd crucible^ 
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a msoA u obtained which after cooling exhibits a liver- 
brown colour. It is called suiphuret of potash. 

It may also be produced by mixinj^ four parts of sul- 
phate of potash with one of charcoal powder, and exposing 
this mixture in a crucible to a bright red Ixeat for ^out 
one hour. 

Stilphuret of soda may be fbrnicd in a like nuamer, by 
melting together five parts of caibonate of soda, ficed 
from its water of oystaUizatioii, with three of sulphttr* 

EzPERIltSNT II. 

Suiphuret of iartftesk 

If two parts of !3ar}-tes and one of sulphur be mixed to- 
gether, and the mixture be heated in a crucible for about 
half an hour, or till it fuses, a reddish yellow mass is ob- 
tained void of odouTy which is suiphuret of barjrtes. It 
may likewise be obttuned from tihe native sulphate of 
faaiy tea* See Baiytes* 

EXPBUMBMT III. 

SulpburH of 9tr9ntku 

If three parts of strontia and one of sulphur be gradu- 
ally heated till it melts, the compound obtained is suiphu- 
ret of strontia. 

Siilphurdt of strontia may also he produced by heating 
sulphate .of strontia in contact wim charcoal powder* 
See Barytes. 

EXPE&IHEMT IV. 

Suiphuret of Ume* 

That sulphur "combines with lime may be proved by 
mingling one part of sulphur with two of powdered lime, 
and heating the mixture iii a covered crucible ior at least 
halt an hour, or until no blue flame appears on the siur&ce. 
The compound thus obtained is suiphuret of lime. In 
preparing this coiniiound, care shoula be taken that both 
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the ingredients be very finely powdered, and intimntely 
blended together. The mixture should not be rammed 
tight in the criu iblc, but loosely introduced ; whereas, on 
the contran , tin ^v [lolt• is otherwise apt to be blf)\s u out 
oi the vessel, da soon as the mixture becuiues red hot. 

EXFBRIIIEMT V. 

Preparation of sulphuret of ammomeu 

Ammonia also combines with sulphur. Sulphuret of 
ammonia may be obtained in the following manner : 

Two parts of finely powdered lime are put into a dry 
retort ; upon this one part of muriate of ammonia, well 
mingled bv trituration with one-third part of sulphur, is 
- poured, and the whole mingled together by shaking. The 
charged retort is then placed In a sand-heat ; a receiver^ 
contamlng a Utde water* is adapted, and the distillation, 
carried on very slowly. The fluid which passes over on 
increasing the heat is sulphuret of ttmmonia; it is of a 
deep yellow colour, a volatile and disagreeable odour, and 
fumes strongly in contact with air. In order to obtain 
sulphuret of ammonia very fuming, the first fluid which 
' passes over must be kt pt separate ; for it ia only this < 
which is smoking, by reasou of ius containing some un- 
comblned ammonia* In other respects its properties ate 
Vke the former combinations of sulphur with alkalies* Its 
volatility renders it capdsle of restoring oxydated metals 
to the metallic state, as may be evinced in the liDUowing 

■ 

£XPBRIMENT VL 

Dissolve some eiystallized nitrate of silver, free firom 
excess of acid, in a sufficient quantity of distilled water i 

dilute the solution with water, till writings performed 
with it on paper are invisible when dry. Ifthi'^ writing 
be exposed to the vapour of the sulphuret oi ammoma>it 
will become visible with the brilliancy of sliver. 

RATiONALE....The sulphuret of ammonia gives out 
SQlphurated hydi:ogen gas at tile ordinary temperature of 
tlie atmosphere : on coming into contact with tiie solution 
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of silver, the hydroj^en attack? the oTrV'^p^en of the silver and 
fotms water, and the metal becomes revived, which then 
unitLs ^vith the ammonia and sulphur^ inorderto form a 
sulphurated ammoniuret of silver* 

COMBINATION OF SULPHUR WITH £ARTHS. 

Sulphuret qf m(ggnena 

Is best iirepored in the following manner : one part of 

charcoal powder i<? to be mixed with six of sulphate of 
magnesia ; the mixture is then reduced to diyness, and 
ignited gradually. 

Rationale.. ..Sulphate of magnesia consists of sulphu' 
ric acid and magnesia. At a high temperature the 
«i]j;»httrie sicid becomes decomposed by the charcoal iHuch 
imites to its oxygen in order to be converted into caibome 
acid gas, and sulphur is produced* - The clurbonic acid 
gas flies off, and the sulphur unites to the magnesia. 

Care must l)e taken not to Ignite this sulphuret too 
much, for the sulphur seems to adhere to the magnesia 
very feebly. 

In the bauie manner aluminc may be united to sulphur. 

^ Ekperimsivt II. 

S^^fimr€i of ahmme* 
See Fytagbama* « 

-COMBINATION OF SULPHUR WITH CAR< 
BON AND PHOSPHORUS. 

Till lately it was supposed that sulphur does not com- 
bine whh mAm $ hat Mesns* Oeaoimea and CJement, 
two French chemistSy who l»ve paid particular attention 
to the properties of carbon, have latelv announced a 
method of combining them in the following msoner* 
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Experiment L 

Fill a porpelain or earthenware tube with well-burnt 
charcoal, and make it pass through the openings of the 
universal furnace (see universal furnacr) in such a way 
that one end shall be considerably eK viited above the 
other. To the other end lute a u idc glass tube, of such 
a length and shape that its end can be plunged to tlic hot- 
torn of a botde of water. To the elevated cxtrciiuty of 
the tube adapt another glass tube fiUed with small pieces of 
sulphur, and secured at the farther end, so that the sul- 
phur may be ptished forwards by means of a wire, with- 
out allowing the inside of the tube to communicate with 
tJoA external air* Heat the porcekin tube, and conse- 
quently the charcoal which it contains, to redness, and 
condnue the heat till air bubbles cease to come from the 
charcoal ; then push the sulphur slowly, and piece after 
piece into the earthen tube. A substance will then 
soon be delivered by the glass tube, which condenses un- 
der the water in the bottle into a liquid. This liquid is 
a combination of carbon and sulphur, and hence it has 
been called carburet of siiifihtir* 

This carburet of sulphur is transparent and colourless 
when pure, but very frequently it has a greenish yellow 
tin^e. Its taste is punj^ent, and its odour very peculiar 
and penetrating. Its specihc gravity is 1. 3. It does not 
mix with water. When put into the receiver oi an air- 
pump, and the air exhausted, it rises in bubbles through 
the water, and assumes the form of a gjs. The same 
change takes place when it is introduced into the top of 
a barometer tube ; but it is again condensed into a liquid, 
when the tube is immersed under mercury. 

Carburet of sulphur burns easily, like alcohol and many 
other fluidb. During the combustion it emits a sulphu- 
reous odour. Sulphur is deposited, and charcoal remahis 
behind. When a little of it is ' put into a bottle filled 
with oxygen gas, it dissolves in it, and assumes the gase*' 
ous state* If a baming taper be applied to the mouth of 
the bottle, thisi^ mixture bums instantaneously, ami with 
an explosion so violent as to endanger' the vesaeL It as* 
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Slimes the gaseous form in the same way when placed in 
contact with atmospheric air. This mixture does not 
detonate when kindled, but burns qaietly. Carburet of 
sulpiiur dissolves piiosphorus readily ; it dissolves like- 
wise a small portion pf sulphur^ but it has no acdon 
whatever on charcoaL* 

. The combination pf sulphur with phosphorus wiH he 
cqii8i4ered in the nest part. 
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PART XII. 



«BCT. I. 

» 

NATURAL HISTORY OF PHOSPHORUS. 

PHOSPHORUS is the next simple body wc have to 
consider ; it has never been found pure in nature. It is 
alwaj^s met ^th united to oxygen, or in the state of pho^- 
phone acid ; in that state it exists very plenttfiiUy, and is * 
comlnned to diiferent animal^' vegetable, and mmenl s^ub- 
stances. 

PHYSICAL PROPERTIES OF PHOSPHORUS. 

Phosphorus is a flesh-coloured or yellowish semi-trans- 
parent substancc^, of the consistence of wax, but brittle 
during frost. lu atmospheric air it is luminous at com- 
mon temperatures, w ithout emitting heat. It iias a rough 
dtisagreeable taste^ and- its odour resembles that of garlic* 
Its specific gravity is 2.033, water being 1.000. Phos- 
phorus crystallizes in laminx, in needles, or elongated ^ 
octahednu Exposed to the light it becomes covered ' 
with a crust, w hich is first white, next orange, and at last 
red. It becomes liquid at a temperature of 99** Fahr. It 
has a strong attraction for metallic oxyds. It takes fire 
spontaneously, and burns rapidly in the open air at 122** 
Fahr. with a brilliant white iiame, and becomes con- 
verted into phosphoric acid* .It is volatilized at SS49 Fahr* 
It is soluble in caustic alkalies by the assistance of heat* 
Expressed and essential oils take up a small quantity* and 
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aic rendered luminous. Sulphuric ether, nitric ethei^ 
and ardent spirit, dimolve it sparlngll^ hi the cold. It 
combines with lime* strontia, btiTtes, sulphur, dmcoal^ 
and with metals. It is soluble in hydrogen gas, and de» 
composes nitric acid and metallic aolutions* It acta 
strongly, and frequently like poison, on living animala. 

. METHODS OP OBTAINING PHOSPHORUS. 

*^ 

For some time phosphorus was made in vei*y inconsi- 
derable quantities, and hy a tedious and disagreeable pro- 
cess, consisting in evaporating considerable quantities of 
urine, and decomposing them bv various means. 

The following proteaacs now employed are xnore easy 
and ea|»editiouB. 

1. GIOBERT'S PROCESS. 

According to this method phosphotusmay 8e obtained 
without any offensive preparation. It consists in pouring 
a concentrated solution of nitrate of lead« by a little at a 

time, into a quantity of urine until no more cloudiness is . 
produced by a further addition ot the solution. The mix- 
ture is then to be diluted with soft water, and suffered to 
stand undisturbed : when the precipitate has fully sub- 
sided, the clear fluid is to be separated. The precipitate 
is formed into a paste with diarcoal powdert the masa 
dried gradually vel an earthen pan» and submitted to dia« 
filiation. 

RATioKAL£....The phosphoric acid of the urine uidtta 

to the lead of the nitrate of lead, and the nitric acid joins 
to the ammonia and soda of the urine; hence phosphate of 
lead and nitrate of soda and ammonia are formed. The 
former, bein^ insoluble, falls to the bottom, and the latter 
salt remains in the super natant fluid. On adding char- 
coal to the phosphate of lead, and exposing it to a hig|i 
temperature, the unibn vs agaii^ broken : the ]4iosphori$ 
acid ' jcomes decomposed, its oxygen unices to the char* 
coal and forms carbonic acid gas, which flies off during 
the distillation : the phosphom<; appears in its simple state, 
and the metal is left behind in the retort, together with 
the super-abundant quantity of charcoal. 
VOL. I. 35 
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> 

NICOLA'S PROCESS. * 

Take a quantity of bones of adult animals, burn them . 
to whiteness in an open fire, and reduce them to a fine 
povder. Upon three pounds of this powder, after having 
been put into a mattrass, there may be poured one pound 
$ of corjcentrnted sulphuric ac id of commerce ; four or five 

pounds of water must be alterwards added by degrees, to 
' assist tlic action of the acid. Durinp^ the whole process 

the operator must place himself and the \ . s^el so that the 
fumes of the mixture may be blown from him. The whole 
is then to be left in a gently heated sand-hath for about 
twelve hours or more, taking care to sujjply the loss of 
water which happens by evapoi ;it)()ii. I hc next day a- 
large quantity of water must be added, the clear liquor 
afterwards decanted, and the rest strained through a cloth 
or sieve. The residuary matter is to be edulcorated by 
repeated afitinons of cold water> till it passes tastdess. 
The water which has been used to wash out the adhering 
acid 18 mixed with die before decanted or strained liquor, 
and the whole fluid is gradually evaporated in a flat earthen 
baun to the consistence of syrup. It is then to be misced 
with four ounces of charcoal powder, and subnitled to 
distiUation in an earthen, retort. Instead of applying a 
receiver, the neck of the retort may be immersed in a' 
baMO of water to a small depth, and the phosphorus as 
it comes over will fall in drops to the bottom* 

RATkoNAl.E«M«The first part of the process consists in 
destroying the ^latine of the bones, by the action of heat> 
They then consist of phosphate of lime, mixed with a very 
little carbonate of lime. In the second part of the pro- 
cess, the phosphate of lime is decomposed by the sul- 
phuric acid : this decomposition is, however, only partial. 
The sulphuric acid combines with part of the lime, and 
forms an insoluble sulphate of lime. The phosplioric 
acid, separated from that portion of lime, immediately 
combines with the rest oi the phosphate, and produces 
a super-phosphate of lime, which ^is no further decom- 
posable by sul[)huric acid. 

The super-phoiiphale of lime thus formed is soluble 
• in water, but as the sulpiiate of lime with which it is 
mixed concretes into a very thick or solid mass, it is in 
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some measure defended from the action of the water ; 
hence a large quantity of water is necessary to dilute the 
mass. It is from this super-phosphate of lime that the 
phosphorus is obtained. The charcoal at au elevated 
temperature t^kes the oxygen from the phosphoric add, 
andlioice tfae phosphorus passes over* 

Three pounds of boses yield 1| ozm and 30 grs. of 
phosphorus, if the process m wdl eonduclaed. 

METHOD OF PyRIFYiNG PHOSPHORUS* 

Phosphorus obtained in either manner is of a dirty 
• blackish colour, and soiled, with a certain quantity of 
charcoal and oxyd of phosphorus, which gives it that ap- 
pearance. In order to purify it, it must be put into a 
piece of chamois leather, and closely tied up in it. The 
f whole is then immersed in a vessel ot hot \v ater ; the 
phosphorus melts, and may be pressed through the lea* 
ther, taking care to keep it under the water. 

It is better, however, to purify phosphorus by a second 
distillation.' 

l)r. Higgins purified it bjr means of hydrogen gas*^ 

METHODS OF MOULDING PHOSPHORUS 
* INTO CYLINDERS. 

In order to form phosphorus into sticks, a funnel with 
a long neck may be used, the lower oriiice of which is 
closed with a cork s Ae funnd is then to be filled widi 
trater* and phosphorus put in it ; and this being plunged 
into bmling water, the neat communicated to die funnel 
melts tfae phosphorus, which runs into the neck, and ac^ 
quires that form. Tlie lunnel is then removed into a 
' vessel of cold water ; and when it is thoroughly cooled, 
the cork is taken out and die phosphorus thrust out of its 
mould with a piece of wood, and then preserved in water* 

Pelletier invented another method, which is as follows ; 
Take a few tubes of any length, the apertures of which 
are of such a size that they can be exactly closed with the 
extremity of the finger. Melt the phosphorus in boiling 

* ^inut^s of the Society for Phik>8oph. Ej^. ko* 
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water, and apply to it one of the ends of ^e tube, while 

yon hold the other in your mouth ; malce a short inspira- 
tion, that the phosphorus may ascend a little way in the 
tube ; stop the inspiration when the phosphorus has risen 
a sufficient height, and close the extremity oi the tube 
with the fore finger, and immerse it in a basin of cold 
imtcr. The phosnliorQS will Mon htoomt £iiMl» and by 
a rilfl^t dialw iMiy M flCpMied finia 

Tne combustibility and lununous property of phospho- 
rus have given birth to varioui amivung experiments ; 
which we shall insert, for thev are well caknhted to 
evince some of its characteristic properties in a pleasing 
manner, « , . 



SECT, 

I 

EXPERIMENTAL PROOFS OF THE PRO- 
PERTIES OF PHOSPHORUS. . 

ExpsRiMBirr !• 

FMphortu bttm» at ^ common temfieratureo qftJ^ 

ittmotphere* 

LUMINOtTB CHARACTERS. 

' - . * ■ 

THAT phosph orus bums at the usual temperature is 
obvious by nmtmgvilh a cylinder of it upon bUck paper^ 
or upon any other smooth surlace. The writing appean 
luminous in the dark, as if on fire : the fiecy appeanmcc 
vanishes by bjpwing qn th^e object, but becomes visible 
again in a few seconds. 

If the writing is performed upon the purple coloured 
paper of this countiy, the traces appear red in the day* 
Ught alter the luminous appearance has ceased. 

RATioNAL£....The phosphorus has been converted into 
phosphoric acid, which changes the bljje vegetable colour 
^ the paper to red : the ligjtt evinces the combustion of 
the phosphorus* 
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♦ 

RBicAax««.*It it necesamy to place liw cylinder of 
phoBphorus in a quill or metallic pencil case, in order that 
it may be removed from the hands, if it should take fire ; 

wfjich may happen^ pamcularly in hot weather. A cup 
or basin ot water should likewise be near at hand to 
plunge it into, to prevent accidents. 

ExtBBIMEVT IL 

Phosphorus takes jire by the efpticoHou of a vsry 

gmtk heat* 

• 

Introduce a few pieces of p1i08phoiiis« of the size of a 
pin's head, into tow or cotton, and wrap the cotton round 
a phial, or glass cj^iader } on filling the phial with liat 
water, die phosphorus inflames and sets fire to the cotton. 

Experiment III* < 

y » - • 

Aaxnshn of phosphorus by fHctionm 

Fold up in a piece of brown paper a few grains of phos- 
phorus, and rub it against any haid body, ur between the 
paper itself; the phosphonia inflaflMS and sets the paper 
on fire* 

A few grains of phoaphoruft robbed in a mortar with 
iron filings, take £re instslndj. • 

Rat ION ALE.. ..The friction applied in these experi- 
ments raises the temperature of the phosphorus ; it then 
attracts the oxygen from the atmosphere rapidly, in or- 
der to become converted into phosphoric acid, and the 
heat and light both oi tiac piiospiioi us and oxygen gas aic 
set free. 

RsxAJiK»M*It as curious that written paper inflames 
more readily than paper which has not been written upon. 
Straw and wood are extremely difficult to be fired by 
burning phosphorus, they become only converted into 
charcoal ; but sulphur, cotton, ardent spirit, ether, and 
.essential oils, take fire by it readily. 

• £XP£RIU£NT IV* 

jf phosphoric Jtre^iotile* 

Take a small thin phial, heat it gradually in a ladle full 
of sand^ and introduce ^to it a few grains of phosphorus ; 
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the phial is then to be loosely stopped, and kft 'Qiidis« 
turbed'for afew minutes; small quantities of phosphorua 
sure thus repeatedly added until the phial is full. Another 
method of preparing this phosphor! r hottle consists in 
heating two parts of phosphorus and one of iime mixt 
together in a loosclv sio| i{K d phial for about half an hour.' 

. To use this ^re-bottle, a common match or small bit of 
wood tipped wxih solphfir is introduced into the phisd, 
turned round and qmclcl^f . drawn oat» which causes the 
phosphonis to take £re. sis soon as it comes out of the 
bottle. • ' • • 

I^hosphoric fire>bottles may also be ptcpared by adding 
to melted phosphorus under water one sixteenth of sul- 
phur. I his compound is so inflammable that if a minute 
quantity be taken out of the bottle with a inatcii, and 
rubbed upon a cork, it inflames instantly, and fires the 
match. {See Appendix No, 11,^ 

Experiment V. 

Phosphoric tapera. 

Take n g^ass tube, aibout four inches long and one line 
wide, closed at one end. A small quanti^ of phosphorus 
is to 'be introduced into the tube« and pushed to its ex« 
tremity with an iron wire, after which a taper covered 
at One end with wax is put into it j tlie open end of the 
tube is then Virrmctically sealed, and the other plunged 
into hot w:3trr. The phosphorus melts and fixes as it 
cools upon tht taper. A line is then drawn by means of 
a diamond or iUe at one-third of the tube. To use these 
tapers, the tube b broken at the marked line ; and when 
it is qmckly drawn out, it takes fire, and bums rapidly. 

Experiment VI. 

Phosphorized ether. 

If phosphorus be dissolved in rectified sulphuric ether, 
and Dourcd into a decanter, at the bottom of which is a 
little Avater, a brilliant light is disengaged, which passes 
with a serpentine motion along tlie surface of the fluid. 
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The w wtdiiii the venet faecodies- ImnmoiUy and remains 

for some time in this state. 

1. If the decanter be unstopped, and air hlo^^Ti into it, 
the luminous vapour disappears: but if the mixture be. 
again agitated, several luminous points are seen at its sur- 
,face, the air of the decanter becomes again phosphores- 
cent, and this may be renewed until the whole of the ether 
has been decomposed. 

' S. If a feather be dipped in water,, and in this'state be 
phmged into phoaphonsed ether, at the moment of con- 
tact of the two fluids, a sudden light spreads through the 
air, and ven,' perceptible flashes are seen (in a dark place) 
to issue Irom time to time out of the mouth of the phial. 

3. When a lump of fine loaf-sugar is wetted with phos- 
phorized ether, and thrown into a basin of water, the 
whole of the surface will be illuminated ; by gently blow- 
ing ity beauttlul tmdulatloiis are formed, gready resem- 
bling the fiery appearance of the sea. 

All these experiments with phosphorated ether succeed 
best if the water be a little warm. 

RATroKALE....The phosphorized ether is decomposed 
on coming in contact with a large qnantitv of water; the 
■water unites with the ether ; the phosphorus being then 
presented to the air, burns, and exhibits the luminous 
appearance* 

Phosphorized ether is best prepared by suflering sul- 
phuric ether to stand for some weeks over a considerable 
quanti^ of phosphorus in a well-stopped phial* 

£ZPS&|KEMT VII. 

laquid Phosphorus* 

When phosphorus is dissolved in oils, it forms what is 
called liquid phosphorus. The best metliod uf preparing 
it, is to heat very ndy one part of phosphcntis idtli six 
of oil of oUves* The oil thus charged widi phosphorus 
must be kept in a botde> weU corked. It may tuso be pre* 
pared by rubbing in a mortar one part of phosphorus with 
one-sixteenth of sulphur and a small quantity of olive 
oil, until a perfect homogeneous mass is obtained, and 
then adding gradually more oil to effect a solution. Liquid 
phosphorus has the property of becoming luminous in the 
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dark ms tton as die phial contammg it is uanopped, and 
miaque again when die phial is corked. It nay serve for 

showing the hour of the night, hv holding- a pocket-watch 
against the bottle when unstopped. It may likewise he 
used for forming luminous writings, or drawings, by means 
of a small brush. It may also be rubbed on tht lace, 
hands, &c. to make them appear luminous, witliout in- 
jury- 

Liquid phosphorus may likewise be prepared by tritu* 
rating phosphorus in a stone mortar, witb oil of cioifOi. 
This mediod is expensive. 

Accenmn of phoofhorus by mmm sulpbunc uddand 

water* 

Melt over a slow fire, in a cup, gallipot, or phial, con- 
taining a table -spoonful of water, a small quantity- ol phos- 
phorus : as soon as the water boils, pour into it about one 
drachm of concentrated sulphuric acid* In a few minutes 
die surface of the mixture becomes filled with luminous 
V^ours, a considerable ebldlidon takes place, accom- 
' panied with a hissing noise, wluch increases gradually 
until the mixture takes fire, with a smart explosion. Lit- 
tle fire-balls and stars will be thrown out in all directions, 
and the whole will boil very high. 

RATioNALE....This accension of phosphorus is owing 
to the heat evolved by the mixture of the acid and water* 
* Reicark..«.To perform the experiment with safe^, 
the vessel containing the water and melted phosphonia 
should be fastened to the end of a long sticky in order 
that the operator may be at a sufficient distance when the 
explosion takes place, as it frequently happens that the 
vessels are dashed to pieces the moment the mixture is 
made, and the whole is thrown about to a considerable 
distance. 

EXFERIIdENT IX* 

Phosphorus precipitates copper in a metaiRc state* 

Pat into a concentrated solution of nitrate, or salphate 
ot copper, 41 cy linder of phosphorus, and leave it undis- 
turbed fur at least twenty-four hours. The phosphorus 
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will precipitate the copper, and by that means become co- 
vered with a stratum of brilliant metallic copper. 

RATiONALE«..The phosphorus has a stronger affinitv 
oxygen than copper has ; it therefore dcoxydizes the 
lolution of this metal, and the copper re-appears in its 
metalfic state. 

M. Scfanauhert has ktel7 examined the action of phoe* 
phonis in metallic aolatlons,* from vhich it appears 
that the solutions of gold, silver, mercury, lead, tin, and 
manganeset are all deoxydized by phosphorus, and that| 
when reducedy in many cases again unites to another por* 
tion of the phosphorus, forming phosphurets, as la the 
case in the deozydizementof the solutions of silver, mer* 
cury, and tin* 

ExPB&iMsinr X* 

A iuminom jfiuid which throws out ^a$hes of light* 

Water boiled with a little phosphorus for a few minutes, 
and preserved in a well-corked phial, becomes luminous 
in the dark. Long cylinders of glass, filled two-thirds 
with this solution a lltde warmed, and then agitated, dis« 
charge flashes of light in all directions into the air. 

RATiOKALs.«Mpart of the phosphorus is dissolved by 
the water, and remains in combination with it so long 
as this fluid is at rest, but becomes disengaged When th^ 
water is agitated ; it then bums^ and exhibits the lumi* 
nous appearance* 

EZPXEIMXIIT XL 

PhoMphorized mercury* 

Mav be prepared by dissolving phosphorus by tritura- 
tion in a mortar, in as little oil ot cloves as possible, and 
then uniting this mixture to mercury, by a continual 
agitation. 

Long cylinders ifilled widi this compound become hi* 
minous when sliaken in the dark. 

RATtoNALX....A simple spontaneous combustion of 
imnutely divided phosphorus. 

* QaetHngV Faschenbucb« 1804^ v. i. p. 99* 
' VOL. 1. 96 



COMBINATION OF PHOSPHORUS WITH 

METALS. 

£ZPBEniSllT I. 

Phosphuret of arsenic niay be obtained in tiie lolio^v*. 
ing maimer : Take two parts of metaHic araenicf reduce ■ 
it to an impalpable powder, put it intQ a Florence flaak, 

and pour over it six of water, and then add one of phos* 
phorus. Place the flask over the lamp-fumace» and apply 

a gende heat for at least three hours, taking care to sup- 
ply the water as it evaporates. Tbe phosphuret of arse- 
nic thus obtained is of a brilliant grav colour ; it may be 
freed from the adhering or supei Hiu^us pliosphorus, by 
squeezing it thru ugh a fine inubliu, under tiie siirface of 
li(sated water* 

EWS&IMXMT II. 

J^hosphuret of Copper* 

•To obtain phosphuret of copper, let the finest copper 
wire that* can be obtained be coiled up into a ball, and 
heated to redness in a crucible, and then let fall on it 
pieces of phosphorus, un^il the copper melts. The phos- 
phuret thus obtained is of a Yellowish white colour: on 
being broke, it exhibits a crystalline appearance. It soon 
loses its lustre qq ^^tppsure to the air, and becon^es 

EXPBRIHBNT IIL 

PhqsplwFet goU^ 

This compound may be obtained in a similar manner, 
by letting fall pieces of phosphorus on fine gold u ire, 
heated to' whiteness, expeditiou3ly covering the cruc|b)e 
the nioment the phosphorus bas reached |he gold wire. 
Phosphuret of gold is of a brass-yellow colour. It is very 
brittle, apd ei^hihlts, on bein^ hroken, ne^e>shaped 
crystalst 
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Experiment IV. 

Phosphuret t>f iron. 

To obtain this pho'^phure let fine iron wire be heated 
as before, and drop into the ci ucihle pieces of phosphorus 
of the size of a pea, until an union is effected, which mny 
be known by the wire mc king down suddenly. The pro- 
perties of this phosphuret have not been examined* 

Experiment V. 

Phoaphuret of lead. 

Phosphuret of lead may be prepared by melting lead m 

a crucible, nnd then adding to it phosphorus in small 
quantities at a time. By the first addition of phosphorus, 
the lead acquires consistence ; but on increasing the heat, 
and continuing the addition, the whole becomes again 
fluid, which is the criterion that the process is at an end. 
It is of a silver white, but soon tarnishes on exposure to 
air. 

£XPSRIM£NT VI, 

Phoaphuret of tiickeL 

Phosphuret of nickel may be formed by melting nickel, 
and letting fall on it phosphorus* The union is very dif- 
ficult to^ be obtained : one part of- nickel requires about 
eleteai of phosphorus* The .pboiphiiret obtained fuses 
BKore tmSiy than nickd* It is a white ciyataUhie sub* 
stance f 4t8 propertieft have not yet been eawniiied* 

• ... 

SZPE&XHEMT VIL 

• Phoapfstnttt vf tiihotT* . . 

Phosphuret of silver is best prepared by heating to red- 
ness, in a crucible, fine silver, rolled out as thin as writ- 
ing paper, and then letting fall on it phosphorus, in small 
quantities at a time, until the fresh added portion of phos- 
phorus combines with the ignited silver. Phosphuret 
of silver is of a white colour, and of a granuhued texture. 
It is very hard, and soon t^nishes oa cj^posure to air* 



ExPKRtMElfT VIIL 

Pho9phuret of cobak 

May be formed by heating to redness, in a crucible, 
coMt, brolMii into pieces of the size a split pea, and 
then adding to it gradually pieces of phoaphonis of the 
same size, until the cobalt fuses. Pliospliuret of cobalt 
is of a reddish-white colour : it is vety brittle) and fnaea 
more easily than cobalt. 

COMBINATION OF PHOSPHORUS WITH 

ALKALIES, 

Preparation of phosphuret of lime* 

. Take an earthen or glass tube, about one foot long anA 

three-qimrtrrs of an inch in diameter, and closed at one 
end; put into this one ounce of phosphorus, cut 'mi% 
pieces of the size of a pea, and freed, by means of blotting- 
paper, from the adhering water ; then introduce into the 
tube three ounces of fresh burnt lime of llic size of split 
peas, and stop the other opening of die tube looeeljr with 
a .chalk stopper^ to prevent the access of air* Having done 
tfcb) heat to mdneas thai part ofthcjtiibe whush ornvftAu 
Hke by means of charcoal : whan thft 'liaM mi^ be 
flttpposed to be ignited, apply heat to the part containing 
the phosphorus, so as to sublime it, and to bring the va- 
pour of it into contact with the igiuted iime. The lime 
and phosphorus will now unite and form a mixtui^ of a 
reddish brown colour, which is piiosphuret of lime* This 
preparation has the property of making fire rise out of 
water, when small pieces of it are dropt into it* 

RATioiiALS»***T1ie phe'noniamo is tKvring to a decom- 
posllion of water at the common temperature, which shall 
be more fully treated on under the article phoaphormed 

Ri,MARK....If a glass tube be made use of for preparing 
phosphuret of lime, that part of the tube which is heated 
(which may conveniently be done by passing it through 
the imiversal furnace, or through a chafing dishf fiHed- 
with Ignited charcoal) should be coated with clay, or 
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bam, in order to secure it from breaking during the 
process* " , ^ 

Phosphmft of Isnie nof also be prepared, according to 
Von Ijlons^^inthe Ibnowiagflumne^ 

FIJI asmii glato naxtrasa two-tlMft with' caih aii tt of 
linie in poivrder t put it into a sand-bath, aad oqpoM itui 
a heat sufficient to dme off the carbonic acid. Towards 
the end of the process introduce gradimllv a third part of 
phosphorus, takin^^ care to keep the lime in a red heat. 
The phosphorus melts, but is prevented from burning by 
^e remains of carbonic acid which is disengaged from the 
Ume. When the whole of the phosphorus is introduced^ 
drat up tlie mattran widi a stopper provided with a 
lolet gas escape, but pemit none to aninv ^ let tile fiia 
be immediately withdrawn. When qoilrooUl the plios* 
fihoret <e to be put in a dij bottle* 

Experiment II» 

Ph&afthuret of bartfUt* 

To prepare phosplmret of barytes, introduce into an 
earthen tube, closed at one end, first, one part of phos- 
phorus, and then add two of fresh prepared barytas, and 
proceed as directed before* PhoapWet of bafytes is of 
a brownish yellow colour : it also causes phosphoiized 
hydrogen gas to be evolved when dirown^tnto water* 

£XF£RI1C£NT IIL 

JPhfftphuni of Hrontuk 

FhoBphuret of strontia may be obtained in a similar 
manner* 

COMBINATION OF PHOSPHORUS WITH 

CARBON. 

Phosphorus h also capable of combining %vith carbon, or 
rather with cIiarcoLil. This compound, which has received 
the name oi phosphuret of carbon^ was first examined by 
Mr. Proust. It is the red substance which remains bchiad 
when new made phosphorus is strained tiuough chainoh 

* Joomal ^ CMm. aii. f 5. 
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leather. In order to separate from it a small qi^ntity of 
phosphorus* which it contains in excess, it should be put 
into a retort, and exposed for some time to a nnoderate 
heat. What remains behind in the retort is the pure 
phMfhwct «Qf eatboflb It u a light flaky powder, of a 
Iweljr orange sed, without taste or odofr* When heafted 
in the open air, it bums rapijdly, and a quantity of char- 
coal remains behind. When the retort in which it is 
formed is heated red hot, the phosphorus Comcs OVCO 
and the charcoal remains behind.* 

This phosphuret of carbon may also be obtained by 
putting a few grains of phosphorus in a silver spoon, and 
then heating the spoon, to cause the phosphorus to bum. 
Alter the oombMstton of the plioephoriis mu ceased^ arod 
trace will be ehservcd in the spoon, which u caihiiret of 
phosphorus ; hence the pure phosphorus always contains a 
portion of diis compound, from which it cannot be ireed 
• by any process yet knonni* ' 



* Ana. Chim. xxsiv. 44. 



Digitized by Google 



DIAMOND, 



OR 

PURE CARBON. 



PART xrrr. 

f 

NATURAL HISTORY OF DIAMOND. 

IT -appears ai first extraordinary that the diamond, 

which has heen so lon^ placed in the rank of precious 
Btones, or crystallized gems ; that the diamond, one of 
the hardest bodies in nature, should at present be reckon- 
ed in the class of combustible bodies, n^nX to sulphur and 
phosphorus. It u nevertheless entitled to this place, as 
will be seen presently* 

The diamond, whkli was well known to the andenis, 
is principally found in the western peninsula of India, on 
the coast of Coromandel, in the kingdoms of Golconda 
and Visapour, in the island of Borneo, and in the Brazils. 

Diamonds arc generally found bedded in yellow ochre, 
or dispersed among rocks of free-stone or quartz, and 
sometimes in the beds of running waters. It is not known 
whether there is any rock where the diamonds are found 
which has some of &e properties of these bodies, or which 
has served as a matrix for their formation. They do not 
lie in clusters ; but are always found detached, at a greater 
or less distance. Those mines which yield large diamonds 
. frequently do not contain above one in a quarter of an 
acre ; those that yield small diamonds contain a greater 
pumber in the ^axQC space^ There ^ltc about twcoty-tluee 
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diamond mines in Goloonday and fifteen in Visapour. The 
depth of these mjnes is commonly ^ree or four iatfaoma* 
The miners can seldom dig deeper, on account of the wa- • 
ter> which they have no method of removing. In one of 
the Oolconda mines, they are obliged to dig through rock 
five or six feet deep^ before thev come to the stratum of 
earth in which the diamonds are deposited. They work 
through this rock with great difficulty, as they seem to 

• be altogether unacq^uainted witii the use of gunpowder in . 
mining. They, however, in some measure supply its 

. place by lighting a large fire on that part of ne liodc 
thrbngh which they intend to pass : when the heat has 
fMnetrattd the rock to a sufHcicnt depth they split it^ by 
throwing cold water upon it. Diamonds, when taken oat 
of the earth, etre incrusted with an exterior earthy covering, 
imd^ r Avhich is another, consisting of carbonate of lime. 
■ This earthy incrustation covejf them so perfectly, that 
it is with the utmost difficulty Tthat they can be distin- 
' guished from an indurated iron ore. It adheres so stron^y 
to them, upon many occasions, that it cannot be got ^bnt 
by grinding or rubbing them against one another. From 
this, as weU as from the foreign Aiitter that isArquently 
found in the centre of diamonds, it would appear that thef 
were once in a soft or floid state, or that it was not ti!l long 
after their first formation that they acquired that hard- 
ness for which they are so much vajued. In consequence 
of the diamond, when bedded in the earth, having so lit- 
tle of the lustre by which it is easily distinguished lu its 
polished state, it is necessary to etamine the en^ in 
which th^ lie with the utmost attention* In order to 
render this as easy as possible, the lig^itel* earths, and 
those parts that approach in quality to common mottid^ 
are removed by agit;itinj> the "whole in water, and pour- 
ing off immediately the muddy iiuid. As the diamond 
is among the heaviest of the earthy and stony substances, 
there is little danger of its being carried off in this man- 
ner« Those parts which are not carried off by the water 
are dried m the sun, and carefully examined* Every 
^ing that has the smallest resemUance tot the diamond 
is nibbed against the common kinds of stone. If it 
does not discover itself to the satisfaction of the miners by 
this method, they strike it with violence against ^a hard 
body, and sometimes with the iron instrument with which 
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they work. By this imprudent method many of the finest 
diamonds have such cracks or flaws in them that their 
value is ^eatly diminiflhed. t 

In the Brazils it is supposed that diamonds might be 
obtained in greater quantities than at present, if the suf* 
ficient working of the diamond mines was not pn^bits^t 
in order to prevent that diminution of their commercial 
value which a greater abundance of them might occasion* 

REMARK....Brazilian diamonds are in commercial esti- 
mation inferior to the oriental ones. 

In fhe rough) diamonds are worth two pounds sterling 
the carat, or four grains, provided they are without 
blemish. The expence of cutting and polishing amounts 
to about four pounds more. The value, however* is fax 
^teve what is now stated when they become considerable 
in size. 

The usual method of cnlrulating the value of diamonds 
is by squaring- the luiinlicr of carats, and then multiplying 
the amount by the price of a single carat : thus, suppos- 
ing one carat to be a diamond of ^ carats is worth 

;f.l28, being 8X8x2. 

, The famous Pigot diamond weighs 188^^ grains. 

The following very remarkable diamonds, with regard 
to size and value, may be noticed. 

1. That which is in the possession of the Great Mogul ; 
its weight is 279 carats, and is valued at G millions of 
florins, about ;f 540,000 sterling. 

2. That belonghig to the Grand-duke of Tuscany 
weighs 139 carats^ and is valued at one million of florins^ 
about 90,000 sterling. 

3; That in the possession of the . iting of Portugal 
weig^ 215 carats* 

4. The diamond which tlie Stadtholder Pitt sold to the 
Duke of Orleans^ for the King of France, for 1,500^000 
livres. Its weight is 547 grains i and there was one in 
die crown of the late king of France, of 106 carats* 

5* * Mr* Gregor Safiraz^ of the family of Gogia Minarian, 
Was in possession of a diamond from the £ast Indies, 
weighing 779 grains. And, 

6. The rough diamond from Brazil, in the possession 
of the King of Portugal, w<Mghs 1680 carats* This is the 
large^ diamond known* 

VOL. I. 27 
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PHYSICAL PROPERTIES OF DIAMOND. 

Diamond is alvrays crystallized ; but sometimes so im-> 
perfectly, that at first sight it might appear amorphous. 
The figure of the diamond when perfect is an eight-sided 
prism. There are also cubical, flat, and round diamonds. 
It is the oriental diamond which crystallizes into octahe- 
dra, and exhibits all the varieties of this primitive figure. 
The diamond of BnzD cryBtallizes into dodecahednu 

The texture of the diamond is lamellated, for it may be 
split or cleft with an instrument of well-tempered steel, by 
a swift blow in a particular direction* There are, ho wever^ 
some diamonds which do not a]^ar to be formed of la- 
fhincPy but nf twisted and interwoven fibres, like those of 
knots in wood. These exceed the others greatly in hard- 
ness ; they cannot be cut or polished, and are therefore 
called by the lapidaries diamonds or nature. 

The diamond is one of the hardest bodies known. It 
resists the most highly tempered steel file, which circum- - 
stance renders it necessaiy to attack St with diamond 
powdet>« It takeft an exquisite and lasting polish. It has 
a great refractive power ; and hence its lustre* when cut 
into the form of a regular solid, is uncommonly j^reat-- 
It sparkles with all the splendour of the rambow, princi- 
pally when its effects are multiplied by cutting, and the 
number of the polished facets with which it is enclosed. 
The usual colour of diamonds is a light gray, often ino 
dming to yellbw^ at times lemon colour, violet, or black, 
seldomer rose-red^ and still more rarely green or blue* but 
more frequendy pale broAvn. The purest diamonds are 
perfectly transparent. The colourless diamond has a spe- 
cific gravity which is in proportion to that of water as 
3.512 to l.CXX}, accordin;^ to Brisson. This varies> Jiow- 
ever, considerably. W hen rubbed it becomes p sitwely 
electric, even before it has been cut by the lapidary, j 

Diamond is not acted upon by acids, or by any chemi* 
cal agent, oxygen excepted; and this requires a very 
■ great increase of temperature to produce any effect. It 
then bums with dame and decrepitation* 

The diamond bums by a strong h^^ even in common 
aio with a sensible flame, like omer combuatible bodies>^ 
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attracting oxygen, and becoming vvhoUy converted into 
carbonic acid gas during that process. 

It combines w ith iron by fusion, and converts it, like 
common charcoa], into steel; but diamond requires much 
more ox)-gcn to burn in than coaimon charcoal does, and 
even then it consumes but slowly, and ceases to bum the 
instant its temperature is lowered. 

It is considered by modem chemists as PURE CRYS* 
TALLIZEX) C AR0ON* {JSce Appendix No. 12.) 



SECT. n. 

« PROOFS OF THE COMBUSTIBILITIT OF 

DIAMOND. 

The combustibility of the diamond is a i^ieaomenon 
sufiiciendy interesting to induce us to ^ve an extract of 
the principal experiments which have served to advance 
our knowledge upon this subject* 

The emperor Francis I^ exposed to a vehement heat 
the value of six thousand florins in diamonds and mbies; 
the diamonds disappeared, but the rubies remained unal- 
tered. These experiments were repeated ; and it was 
ascertained that the diamond lost its poiishy scaled offy 
and was dissipated. 

The gKtnd duke of Tuscany, in 1694, caused experi- 
meiUs to be made by Averoni and Targioni, by the mir- 
ror of Tschirnhausen, and the diamond disappeared in a 
lew minutes. 

These experiments were repeated by the French che^ 
mists, Darcet, Cadet, Lavoisier, &c. with equal success* 
The details of their experiments may !je seen in the vo- 
lunu s of the Academy of Sciencts, aj^d die Jouriiai de 
Physique for the year 1772. - 

• Macquer took notice that the diamond dilated, swelledi 
and burnt with a blue flame* Ladriana* menticms an 
experiment, in which the diamond was fixed to the end 
of a small iron wire, which was heated red hot, and 
plunged into a vessel filled with oxygen gas. The com- 
bustion of the iron communicated ittelf to.the diamMid, 



* Atinalesde Chim.tom. xLp. 156. 
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wImcH biinit ia thU ga& with a veiy bright flame. This 
experiment, hoveveTf did not succeed with the diainoii4 

of Brazil. 

Lavoisier and Cadet proved that the cnmhiistion of the 
d iamond, in close vessels, like all other combustible bodies, 
ceased as soon as the oxygen was exhaui^tcd, and that it 
only burnt in proportion to the oxygen presented to it* 

De Satuasure bunit a diamoiid by meani of the Uofr- 
pipe. 

But as the sole object of all the former experiments was 
to ascertun the combustibUsly of the diamond, no atten- 
tion was paid to the products it afforded during the pro- 
cess ; and it still remained to be determined whether the 
diamond was a distinct substance, or one of the known in- 
flammable bodies. No attempt was n>ade to decide this 
question, till Lavoisier, in IT/ T, undertook a scries of 
experiments for ^is purpose^ He exposed the diamond 
to a large lens, and was thus enabled to bum it in a diise 
j^biss Tes&el. He observed that the air, in which the dia- 
n^ond had been bumty became absorbed by water i that 
it disturbed lime-water ; and that the precipitate obtained 
jfZB soluble in acids with effervescence. 

Carbonic acid had therefore been formed. As nothing 
was present but diamond and oxygen, and as carbonic acid 
gas consists of charcoal, oxygen, and caloric, the diamond 
and oxygen must have been converted by caloric into the 
stau of caibomc acid gas ; and hence the diamond must 
lutve beendiaitoal. 

Hie diamond is thetefore a combustible body* which 
bums in the same manner in oxygen gas as charcoal does. 
This strict and accurate consequence is deduced from all 
the experiments which can be imagined to acquire a per- 
fect demonstration. But that the diamond was charcoai 
in its pure and crystallized statp was left to the extermi- 
nation of modern chemists, 

Guyton Morveau applied the sc^r heat, by means of a 
great lenSf to a diamond placed ii| a china cup^ and sur- 
sounded in a proper s^paiatus» with a confined quantity' 
%i os^gen gas. 

In one experiment the diamond exhibited, first, a bhu:k 
point at the angle directly struck by the solar rays ; after 
this, it soon became completely black, and of a coaly ap- 
pearance ; the instant afterwards, brilliant and^a3jt were 
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boiling points were distinctlv perceived on the bkick 
ground. It now began to diiniiush in size, and. in a short 
tinie no more than one-fourth was remaining. It was then 
withdrawn. It was without any marked sharp angles or 
edges, but 8tUl veiy white^ and of a beauti^ tntnsparen-* 
cy* The diamond was a second time heated widi the 
aolar rays, and in twenty nunutes entirely conaumed with- 
out any residue. During this operation the same phcno* 
mena were observed* 

A solution of barytea was then introduced over ti&e 
mercury, confining the air in which tiie diamond had 
been consumed. It became immediately milky, the vo* 
lume of the gas diminished, and carbonate of barytes was 
formed. 

In this process a greater quantity of carbonic acid was 
obtained than would have been produced had the dia- 
mond been in the same state as common charcoal : for 
one part of charcoal absorbs during combustion 2.527 of 
oxygen, and produces 3.575 of carbonic acid ; but one 
part of diamond absorbs somewhat more than four parts 
of oxygen, and produces five of carbonic acid. 

The diamond of wliich Guvton effected the complete 
conil)ustion was a native octahedral cr}'8tal. It burned 
in a tempeniturc of about 90 pyrometrical degrees, which 
. in the scale of W edgwood constitutes a difference of from 
183° to 1765*. 

We are likewise indebted to Dr. Smithson Tcnnant for 
some excellent experiments on the nature of the diamond. 
His paper, of Avhich wc shrill give an abstract, is in the 
Philosophical Tr:iDsactions for 179X. Dr. Tennant has 
taught us a method of tifccting the combustion of the 
diamond in a much easier manner than that stated above. 
He has proved that, by means of mtrate of potash, the 
combostioii may be aecomplished In a moderate heat. 

The Dr. procured a Uibe o£ gold, which having one 
end closed, senre4 as a retort, to which a glass tube was 
adapted, in order to collect the air produced* To be cer- 
tain that the gold vessel was perfecdy dosed, and that it 
did not contain any thing which could occasion the pro- 
duction of carbonic acid, some nitrate of potash was heat* 
ed and decomposed in it, and afterwards washed out with 
wateiw The solution was examined^ but did not cadiibit 
any appearance of carbonic acid* 





Sl'i JProofi Gf the Comlmtibtiity 0/ Diamond* 

The diamond was then burnt in thb veasel by means of 
nitrate of potash* When it was thus destroyed, the sub* 
stance which remained precipiuted lime from Ume*water; 
and on the addition of acids, afforded carbonic acid gas 
and nitrous gas, and therefore consisted of nitrate of po#> 
ash parth' decomposed, and carbonate of potash. 

In order 10 estimate the quantity of carbonic acid wh ich 
might be obtained from a j?iven quantity of diamonds, 
two grains and a half of small diamonds were put into ilie 
golden' tube, with a quarter of an ounce of nitrate of pot* 
ash, the wiiole was then kept in a strong red heat for about 
an hour and a half. Af^er the tube had grown cdd agun, 
the contents were dissolved in water, consequently the 
diamonds bad been destroyed. 

In order to ascertain the quantity of carbonic acid, the 
contents which had been dissolved were decomposed by 
muriate of lime : hence muriate of potash and carbonate 
of lime wew obtained. This carbonate ot iime was sepa- 
rated from the supernatant muriate of potash, and intro- 
duced into a glass globe, having a tube annexed to it* 
This globe and tube were then filled with mercury, and in* 
verted in a vessel containing the same fluid. The lime by 
. that means was made to occupy the very top of the tube. It 
now remained to separate the carbonic acid from the lime : 
it was therefore mixed with muriatic acid ; by this means, 
10.3 ounce measures of carbonic acid gas, or nearly 9.166 
grains, were separated; but, according to the experiments 
of Lavoisier, this gas is composed of 72 parts of oxygen 
and ^ of carbon ; 9.166 grains, thet«fore, contain S.56 
grains of catboq, which is almost the weight of the dii^ 
mood consumed ; and hence it fcdlows, that it was com- 
posed of pure carbon, or the pure acidifiaUe basis of the 
carbonic acid. 

The combustion of the diamond is effected at three dif- 
ferent temperatures. At the first and least elevated tein- 
perature the diamond assumes a grav and black colour ; 
liiis is the first degree of oxydation ; it is the state of the 
plumbago and of the anthzacolite, or incpmbnatible pit*> 
coal. 

At the second degree of temperature there is a new'^ 
slow, and successive combination of oxygen ; it then con«) 
stitutes the habitual state of our charcoal* 
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Supposing, tlierefore, we could operate with sufficient 
precision to take from the surface of the diamond the 
black matter in proportion as it formed, during our ex- 
periment for burning it, we should undoubtedly convert 
the who\e diamoDd into charcoaL 

At die third degree of comfaiuliaii ^ diamond is 
ivhoUy converted into carbonic acid gas, as we have shown 
before* 

Gu}'ton Morveau has likewise converted soft iron into 
cast steel, hv means of the diamond, in the following man- 
ner A cavity was bored in a block of soft iron, and a 
stopper fitted to it of the same metal. Int(^ the cavitv was 
put a diamond, with some filings ui the block of iron, to 
fill the remaiwg space, aAeir whichtfae stopper was drtvcn 
in» In thb state the whole was put into « cmcifale* and 
this placed into another. The space between the two cm- 
cables was filled with pure siliceous sand. The external 
crucible was well closed and luted, and the whole exposed 
to the strong ignition of ahb^t-furnace, by which the metal 
was fu(;ed completely ; the diamond disappeared^ and the 
iron was thus converted into steel. • 

After all this, it will no doubt be demanded how it iiap- 
pens that the pure carbon or diamond is so scarce* whilst, 
when combined with oi^gen, inthe^tate of charcoal it is so 
-abundantly dispersed through nature ? 

We obtain by our chemical decompositions of bodies 
charcoal and not diamond. No chemist speaks of our ex- 
haling diamond by respiration, but many of charcoal or at 
least carbonic acid. 

To any disbelief of this matter it must be answered, that 
iron exists every wlicie, under every iorm, except in the 
State of perfect purity, or uidnsulaled ; for the existence 
of pure native iron is still doubtful* The wonder con- 
sists, therefore, only in die difference between fiwts and 
our opinions; it vanisheil in proportion as we discover 
and apprc^riate the powers of nature to produce the same 

cfTerts. 

After these considerations of the facts now discovered 
regarding the diamond, the mind naturally tums itself to 
the possibility of forming diamonds by artificial processes. 
It cannot be satd that this discovery, if made, would be of 
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aiiv great advantage to mankind. It is difficult to con- 
ceive to what use this substance could tic (^encraihi appli~ 
cd ; and though the mention of a method of making dia- 
monds might possibly procure a handsome fortime to the 
inventor, a publicatsoii of the pioecn would infilfibly les- 
sen tlwvihie of dMimmds to prodigioiuljr, Aatdiemana- 
fiicture would considerably sink in value. If what has been 
advanced before be right, there is no want of materials from 
which diamonds mirht he made. All nature abounds with 
charcoal, or its combinations ; whole mountains, nay king- 
doms, are composed of chalk and limestone, in which rlia- 
monds ought to be contained iti astonishing abundance. 
But, plentiful as this principle may be, dicre appears at 
present no likely method of obtsiningit pnreoruninsulsted* 
The dumond is sdvsntRgeously usmI, on acoQunl of its 
eacccssive lisrdness« to engrave on hard stones snd fl^sss, 
or to cot them into convenient pieces. It is also used as 
an ornament. The extreme hardness, the labour of cut- 
ting and polishing it, together with its rarit^^ render it 
precious without the assistance of the caprice of fashion. 



Before we proceed farther in the description of simple 
substances, it will be neces'^ary to illustrate the nature and 
production of gasesy together with their properties ; for 
the agency of these bodies produces so considerable a 
number of the phenomena which distinguish some bodies 
from others, that without a previous acquaintance with 
them ft great number of the experiments illustrative o[ the 
properties of simple substances would be unintelUgihlc* 
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PART XIV. 



6£CT. 1. 

NATURE OF GASES. 

BY the word g-ases we distingTiish permanently elastic 
aeriform fluids, or substances which have the appear mcc 
ot air ; that is to say, they are transparent, elastic, ponder- 
able, im isible,"*^ and not condensible into a liq^uid or solid 
state by any degree of cold hitherto known. 

Some of the gases exist in nature, without the aid of 
art, and may therefore be colleeted ; others, on the con* 
trary, are only producible by artificial means* 

All gases are combbations of certain substanceSf redu* 
ced to the gaseous form by the addition of caloric and 
light. It is therefore necessary to distinguish in every 
gas the matter of heat whidi acted the part of a solvent, 
and the substance which forms the basis of the gas* Gases 
sore not contained in those substances from which we ob» 
tain them in the state of gas, but owe their formation to 
the expansive property of caloric. 

The bases of some gases are known to us, and may be 
exhibited in an unconobined state ; osiers again are not 
producible by art. 

* Oxyjn^nrited muriatic acid ga«» and wlrotti scid gsi^ ttt the tfO^ 

exceptions to vhis rule. 
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FORMATION OF GASES* 

It has been mentioned before, that the different forms 
vmder which bodies appear depend upon a certain quantity 
of caloric chemically combined with them. The very 
formation of gases corroborates this truth. Their pro- 
duction totally depends upon the combination of particular 
substances with caloric ; and those we call pennaDenily 
elastic are -only so because we cannot so far reduce their 
temperature as to dispose them to part with it ; otherwise 
they would undoubtedly become fluid or solid. 

Water, for instance, is a solid substance in all degrees 
below 32® of Fahrenheit's scale : above this temperature 
■ it combines \vith caloric and becomes a iiuid. It retains 
, its fluidity under tho ordinari' pressure of the atmosphere, 
. ' till its temperature is augmented to 212". li then com- 
bines with a larger portion of caloric, and is converted 
fipparenthf into gas, or at least into elastic vapour ; in 
which state it wpuld continue if the temperature of our 
atmosphere was above 212°. Gases are therefore solid 
substances, between the particles of which a repulsion is 
-. established by the quantity of caloric. 

But as in the gaseous water or steam the caloric is 
retained with but little force, on account of its quitting 
the water when the vapour merely exposed to a iovver 
temperature, we do not admit steam amongst the class of 
gases, or permaneiit aeriform elastic fluids. In gases, 
caloric is united by a very forcible affinity* and no dimi* 
nutlon of temperature or pressure that has ever yet been 
effected can separate it from them. Thus the air of our 
atmosphere in the most intense cold still remains in the 
aeriform state ; and hence is derived the essential cha- 
racters of gases, iiamtly, that t/ieif shall remain aeriform^ 
under all variations of pressure and temperatures* (>Sce 
4pPeni&x No, 14.) 

In the modem nomenclature, the name of every sub- 
stance eidsdng in the aeriform state is derived mnn its 
^lid base ; and the term gas is used to dcQOte its exist-s 
cnce in this state. 

In order to illustrate the formation of gases, or to show 
in what manner caloric is coijabined with thefn, the fol- 
low lag experiment may serve. 
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Put into a retort, capable of holdmg half a pmt of wa- 
ter, two ounces of muriate of soda (common salt) pour on 
it half its weight of sulphuric acid, and apply the heat of 
a lamp ; a great quantity of gas is producedf which mig^t 
be collected and retained over mercury* But to serve the 
purpose of this experiment, let it pass through a glass re- 
ceiver, having two openings, into one of which the neck 
of the retort passes, whilst from the other a bent tube 
,proceeds, which ends in a vessel of water. Before clos- 
ing the apparatus, let a thermometer be included in the 
receiver, to show the temperature of the g'as. It will be 
found that the mercury in the thermometer rises onlv a 
few degrees, whereas the water in the vessel which re- 
ceives the bent tube will soon become boiling hot. 

Rationale.. ..Common Rait consists of muriatic acid . 
united to soda ; on presenting sulpluiric acid to it a de- 
composition takes place. The sulphuric acid unites by 
virtue of its greater affinity to the soda, and forms sul- 
phate of soda, or Glauber's salt; the muriatic acid be- 
comes tlitreforc disengaged, and takes the gaseous form, 
in which it is capable of existing in our temperature. To 
trace the caloric during this experiment, as was our ob* 
ject, we most remark, diat it first flows from the lamp to 
the disengaged muriatic acid, and converts it into gas ; 
but the heat duis expended is chemically united, and mere- 
fore not appreciable by the thermometer* ^fThe caloric^ 
however, is again evolved, when the muriatic add gas is. 
condensed by the water with which it forms liquid muri- 
atic acid. 

In this experiment we therefore trace caloric in a chf 
mical combination producing gas ; and from this unioii 
we again trace it in fire or sensible heat. 
. Such in general is the cause of the formation and fixa- 
tion of gases. It may be further observed, that each of 
these fluids loses or suffers the disengagement of differ- 
ent quantities of heat, as it becomes more or less solid in 
its new combination, or as that combination is capable of 
retaining more or less specific heat* 

PNEUMATIC APPARATUS. ' 

1 he discovery of aeriform or gaseous fluids has occa- 
sioned the necessity of some peculiar instruments, by 
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means of which those subataaces may be conveniently 
coHected and aubmitted to examination. The principsd 
ones for th^t purpose are s^ed tlie pneumatic afparaiue* 

THE PNEUMATIC &£S£RVOIR OR CIST£RN. 

Is made eidier of wood or strong sheet-iron tinned, ja- 

panned, or painted. A trou^li of ahovit two feet long, six- 
teen inchLs wide, and fifteen high, has been found to be 
sufficient for most experiments. Two or three inches 
bdow its brim^ a horizontal shelf is fastened, in dimen- 
sion abouthali or one-third part of the width of tlie trough* 
In this shelf are several iiows: theiwholcs must be made 
in the centre of a small excavation, shaped like alumidy 
which is formed in the lower part of the shelf* 

This trough is filled with water sufficient to cover the 
shelf to the height of an inch. 

The use of this shelf is to support receivers, jars, or 
bell-glass t' 5, uhich, being previously filled with water, are 
placed inviTtcclIy, their open end turned down upon the 
above -mentioned holes, througii whitii the gases, conveyed 
Acre and directed by means of the funnel-shaped ezca* 
vatioos, rise in the form of air-bubbles into the receiver. 

V^ben the gaseous fluids are capable of being absorbed 
by water, as is the case with some of them, the trough 
must be filled with mercury. The price and gravity of 
this flukl mnlc it an object of convenience and economy, 
that the trough should be smaller than when water is 
used. 

A mercurial trough is best cut in marble, free-stone, 
or a solid block of wood. A troogb about 12 inches 
long, 3 inches wide, and four deep, is sufficicot for all pri- 
vate experiments. 

• 

aecT. n. ' 

METHOD OF COLLFXTING GASES, ANI> 
TRANSFERRING THE3I FROM ONE 
VESSEL TO ANOTHER. . 

PRKVIOl^S to undertaking experiments on gases, it 
may be well for the unexperienced operator to accustom 
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Jiima^ to the d«zleioui nunuiganciik of coHftcting and 
tnuMfciriag commoii air. 

EXFEEIKENT !• 

Methods of trajismitting air from one vessel to another* 

If wtt are desiffoua of transferring air from one vessel 
to another, it is necessarjr that the vessel destined to re* 
ceive it be full of water, or some fluid heavier than air. 

For that purpose, tiike a wide mouthed bell-i^lass or re- 
ceiver, plunge it under the water in the trough in order to 
fill it, then raise it with the mouth downu ai els, and place 
it on tiie shell g£ die though, so us to cover one or mure 
of the holes in k. 

' It wiil Dosr be foil of water, andcoB^ue soaslongas 
^ momh remains bdow the sutface of the fluid m the 
cistern ; for in this case the water is sustained in the vea- 
sel by the pressure of the atmosphere, in the same man- 
ner as the mf rcury is sustained in the barometer. It may 
without difficulty he imagined, that if common air (or 
any other fluid resembling common air in lightness and 
elasticity) be suffered to enter the inverted vessel 6Ued 
with water, it will rise to the upper part on acooontof its 
levity, and the surfiice of the water will subside. To ex- 
emplify this, take a g^ass or any other vessel, in that state 
which is usually called empty^ and plunge it into the water 
with its mouth downwards, scarce any of it will enter the 
glass, because its entrance is opposed by the elasticity of 
the included air; but if the vessel be turned with its 
mouth upwards, it immediately fills, and the air rises iu 
bubbles to the surface. If this operation be performed 
under one of the jars or receivers which are filled with 
water, and placed upon, die perforated shelf, the air irill 
ascend In bubbles as before i but, bstead of escaping, it 
will be caught in the upper part of the jar, and espel part 
of the water it contains. 

In this manner we 55ee tliat air may be emptied out- 
of one vessel into another by a kind of inverted pouring; 
by which means it is made to ascend from the lower to 
the upper vessel, W iien the receiving vessel has a nar- 
row neck, the air waay be poured in a similar maimer 
through an inverted htxatt inserted in its mouth* 



If the air is to be transferred from a vessel that is stop- 
ped like a bottle, the bottle must be unstopped with its ori- 
fice downwarfis in the water, and then inclined in such a 
manner that its neck may come under the perforated ex- 
cavation of the shelf. The gas will escape from the bot- 
tle ; and, passing into the venel destined to receive lt» 
win asceiid in it in the form of bubbles* 

In whatever manner this operation b performed, the 
necessity of the excavation in the lower part of the shelf 
may be readily conceived. It i*?, as mentioned before, 
destined to collect the which escapes from the vessel, 
and direct it in its passage towards the vessel adapted to 
receive it. Without this excavation, the gas, instead of 
proceeding to the place of its destination, would be dis- 
persed and lost. 

The vessels or receivers for collecting the disengaged 
gases should be ^ass cylinders, jars, or befl-glasses of 
various sizes ; some of them should be open at both ends» 
others should be fitted with necks at the top, ground per- 
fectly level, in order ihat they may be stopped by ground 
flat pieces of metal, glass, slate, &c. oihers should be fur- 
nished with ground stoppers ; some should be graduated 
into ci^ic inches, and subdivided into decimal or other 
eqm-dbtant parts. Besides these^ conaion glass botdes, 
tiunbkrsi Sec may be used. 



CLASSIFICATION OF GASES. 

All the elastic aeriform iiuids with which we are hither- 
to acquainted are generally divided by systematic writers 
mto two classes i namely, those that arc rcipirable andca- 
p€Ale of truunti^ntng' comktation^ and those diat are not 

respirable and incapable of mamtaimnff comBuition* This 
division indeed has its advantage ; but the term respira- 
ble, in its physicological application, has been ver^' dif- 
ferently employed by different writers. Sometimes by 
the rcspirability of a gas has been meant its power of sup- 
porting- life, wlien repeatedly applied to the blood in the " 
lungs. At other times all gases have been considered re- 
spirable which were capsble of introduction into the lungs 
by voluntary efibrtSf without any relation to their vitaUty. 
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In the last case ^e word respirable seems to us most -pro- 
perly employed, and in this sense it will be used hereafter* 
Non-respirable' gases are those which, when applied to 

the external organs of respiration, stimulate the muscles 
of the epiglottis in such a manner, as to keep it perfectly 
close on the glottis ; thus preventing the smallest particle 
of gas from entering into the bronchia, in spite of volun- 
taiy exertions. 

Uf respirable gases, or those which are capable of be* 
ing taken into the lungs by voluntary effi>rts« according to 
their eonditionsy only one has the power of uniformly^U)^ 
porting life, namely^ atmospheric air : other gases, wfiMii:^ 
respired, sooner or later impair the health of the human 
constitution, or perhaps occasion death, but in diifereut 
modes. 

Some gases effect ?io positive cliange in tlie blood ; ani- 
mals hnmened in tt (fie of a disease produced by the pri- 
vation of atmospheric air, analagoua to that occasioned by 
their submersion in water. 

Others again produce some positive change in the blood, 
as appears from the experiments of Dr. Beddoes and Fro- 
fessor Davy. They seem to render it incapable of sup- 
plying the nervous and muscular fibres with principles es- 
sentiid to sensibility and irritability. These gases, thei%» 
lore destroy animal life on a differeut principle. 

It is obvious, therefore, that the above classification 
does not hold good in aQ respects, but is capable of mis- 
leading the student. We shall not divide the gases we 
are going to treat of Into different classes, for we do not 
see the advantage which can arise from any division ; we 
shall therefore examine first those which are simple, the 
bases of which cannot be exhibited in an insulated state, 
namely, oxygen, nitrogen, ajul hydrogen gas. We shall 
then consider the combination ui thei>e gases with each 
other, in order to understand some of the most important 
phenomena in wliich'they are concerned, together with 
the rest of those gases, of which the bases may be exhi* 
hi^ed experimentally. 



i 
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8BCT. t 

PROPERTIES OF OXYGEN GAS> 

OXYGEN gas is an elastic Invisible fluid, like com* 
mon airy capable of indefinite expansion and compressioii. 

It has neither taste nor odour, nor does it show anv tra- 
ces of an acid. Its specific gravity, as determined by 
Kirwan, is 0.00135, that of water being 1.0000; it is 
therefore 740 times lighter than the same bulk of water. 
Its weight is to atmospheric air as llOJ to 1000. 116 cubic 
inches of oxygen gas weijB;h 39.38 grains. It is not ab* 
toHied by water, but entu«ly abaorfaaUe combustible 
bodiesy which at the same time disengage its caloric and 
light, producing in consequence a strong heat and flame. 
It rekindles almost extinct combustible bodies ; it is indis* 
pensable to respiration, and is the cause of animal heat ; • 
it hastens germination ; it combines with every combus- 
tible body, with all the metnls, and with the greater 
number of vegetable and axiimal substances ; it is consi- 
dered as the cause of acidity, and from this last proper^ 
is derived the mmt^xtf^enf a word denoting Ae origin of 
addi^. 

The act of its combining with Jjodies is called oxydatiott 
(oxydizement) or oxygenation (oxygenizement) and the 
bodies with which it is combined are called oxyds. 

Oxygen gas is the chief basis of the pneumatic doctrine 
of chemistry. 

* From o^(/< acid) and ytnfmt I am born. 
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METHODS OF OBTAINING OXYGEN GAS. 

(See Appendix Ify, 15.) 

We are at present acquainted with a great number of ' 
bodies from which we nny, by art, produce oxvgen gas. 
It is most amply obtained from the oxyds of manganese 
or mercury, from nitrate of potash, from the green leaves 
of vegetables, and from oxygenized muriate of potash, or 
6oda« Besides these, there are a great many other sub- 
stances from wUch oxygen gas may be procured* 

£ZPE&IMBNT I. 

To obtain oxyg t^ii gaa from oxygt-mzed tnuriate oj" potash* 

In order to procure oxygen gas m a state of g^at pu* 
riQr, pure oxygenized muriate of potash must be m|de 
use of. With this view, put some of the salt into a small 

earthen or c^bss retort, the neck of which is placed under 
the sheif of the pneumatic trough hiled with water, and 
heat the retort by means of a lamp. The salt begins to 
melt, and ox^'gen gas will be obtained in abundance and 
of great punty^ which may be collected and preserved 
over water* 

Ration A L£...OxygmtBed muriatqipfp^tash consists of 
oxygenized muriatic acid and potash : at an elevated tem- 
perature a decomposition4)f the oxygenized muriatic acid 
talces place : its oxygen -ti^tes to the caloric, and forms 
oxygen gas. The ox} geffized acid becomes therefore con- 
verted into simple muriatic acid, which remains in the 
retort united to the potash, in the form of muriate of 
potash* 

EXPSRIMXHT IL 

To obtain oxygen ga» Jro» grien kaoea of vtgetabUe* 

Oxygen gns may likewise lie obtained from the green 

leaves of vegetables. 

For this purpose fill a bell glass with water, introduce 
fresh gathered green leaves into it, and place tlie bell or 
receiver inverted in a vessel containing the same fluid ; 

VOL* I. 29 
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expose the apparatus to the rays of die sun, and very pure 
oxygeo gas will he lilie rated. 

The emission of oxygen gas is proportioned to the 
V igour of the plant and the vivacity of tlie light : the 
quantity differs in different plants, and under different 
conditions. (Sec page laT.) 

RATiONALE«.«Jt is an established fact, diat plants de- 
compose wateri and probably carbonic acid, which ser^e 
for tneir nourishtnent ; they absorb the hydrogen and car- 
bon of these fluids, disengaging part of the oxygen in a 
State of purity. Light, however, favours this decompo- 
sition greatly ; it seems to serve tor melting the oxygen, 
and thus forms it into oxvgcn gas : in proportion as it 
becomes disengaged, ihc hydrogen becomes fixed in the 
vegetable, and combines partly with the carbon and partly 
with the oxygen, to form the oil, &c of the vegetable* . 

^. Experiment IIL 

To ohtain oxygen gas from nitrate of potash* 

Nitrate of potasli is another substnnce frequently made 
' use of for obtaining oxy gen gas, in the following manner : 

Take any quantity of this salt, introduce it into an 
earthen or coated glass retort, and fit to it a tube^ which 
must be plun^n^ jpto the pneumatic trough under the 
receiver filled with water. When the apparatus has been 
properly adjusted, Heat the"^ort gradually till it be- 
' comes red hot, ute oxygen safe will then be disengaged 
rapidly. ^ 

The gas obtained in tliis way is also very pure, especi- 
.ally if the last portion be kept separate. 

RATiONALJi.... A urate of potash consists of nitric acid 
and potash* Nitric acid consists again of oxygen and 
nitrogen. On exposinj^ the salt to ignition, a partial 
decomposition of the acid takes place ; die greatest part of 
the oxygen of the nitric acid unites to caloric, and appears 
under the form of oxygen gas. The other part remains 
attached to the potash in the state of nitrous acid. The 
residue in the retort is therefore nitrite of potash> if the 
process has been carefully conducted. 

RKMAKK....lf too much heat be applied, particularly 
towards the end of the process, a total decomposition of 
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the nifa^ftcid takes place ; the oxygen gas in that case wUI 
therefore be mingled with nitrogen gas. The weight of ' 
the two gases whcai collected wiU be found to correspond 
veiy exacdy with 'Ae weight of the acid which had been 
decomposed : the residue then left in the retort is potaih« 

£XP£&IM£NX IV* 

To obtain oxygen from black oxyd of mangantsem 

Black oxyd of manganese, however, is generally made 
use of for obtamin^:^ oxygen gas, on account of its cheap- 
ness. This natn c oxvd is reduced to a coarse powder; a 
stone, or rather ;in iron retort, to which a conducting tube 
has been fitted, is then charged with it and heated. As 
soon as the retort becomes ignited, oxygen gas is obtained 
plentifully. 

Ra riONALE....Black oxvd of manganese is the metal 
culled manganese fully saturated witli oxygen, together 
with many earthy irnpuntu s : on applying heat, part of 
the solid oxygen quits the metal, and unites to caloric, in 
order to form oxygen gas ; the remainder of the oxygen 
remains united to the metal widi a forcible affinity ; the 
metal therefore reapproaches to the metallic state, or is 
found in the state of a gray oxyd of manganese* 

One pound of the best manganese yields upwards of 
1400 cubic inches of oxygen gas, nearly pure* If sul* 
phuric acid be previously added to the manganese^ the gaft 
is produced by a less heat and in a larger quantity; a glass 
retort may then be used, and the heat of a lamp is suffi- 
cient. ^ 

Red oxyd of mercury yields oxygen gas in a manner 
similar to that of manganese* 

Ration ALB****This oxyd consists likewise of solid oxy* 
gen and mercury* the combination of which takes place 
on exposing mercury to a heat of about 610" Fahr. At 
this degree it attracts oxygen, and becomes converted into 
an oxvd ; but if the temperature be increased to about 
\0W the attraction of oxvgen is changed. The oxvgen 
then atu u ts the caloric stroi^t^ar than it did the mercu- 
ry ; it therefore abandons It and forms oxygen gas. The 
mercury then reappears in its metallic state. (See p. 79.) 

Red oxyd of lead yields oxygen gas on the same prin- 
ciple* 
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SECT. II. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF OXYGEN GAS. 

EXPXRIMSKT I. 

Oxygen gas is not absorbed btf waien 

Let a cylindrical bell-glass be filled with oxygen gas» 

and agitate it in contact with water: the gas will not 
sensibly diminish in bulk, which is a proof that water does 
not r>bsorb oxygen. It may, however, be made to com* 
bine with it, by means of artificial pressure. 

DECOMPOSITION OP OXYGEN GAS, BY BODIES DESTITUTE 
OF METALLIC PROPERTIES. 

£jLP£AIMXNT 11.^ 

Combustion of Phosjjhorus in oxygen gas. 

Fill a bell-glass or receiver with oxygen gas, confine it 
by mercur\% and introduce a piece of phosphorus through 
the quicksilver, which immediately will rise to the surface 
of it ; then set fire to the phosphorus, by means of a 
crooked heated iron wire, introduced so as to touch it 
without distttibing the Tessel. It will bum with a very 
brilliant flame. A considerable quantity of caloric and 
light will be liberated, and the whole inside of the glass 
will be covered with a white flaky crust, which#vill be 
found to be phosphoric acid; and 'the mercury will have 
ascended consider:) hi v. 

^ Rationale.... 1 his experiment proves that a decompo- 
sition of the oxygen gas has takt n place. The phospho- 
rus at a c^ltam degree of heat is capable of decomposing 
this gas f It attracts its ponderable base the oxygen, and 
becomes converted into phosphoric acid ; the light and 
heat, which kept the oxygen in a gaseous state, together 
with those of the phosphorus, are then disengaged m ^e 
form of fire* 

following experiments show that oxyeen is an 
Midifying»aUttiiice. ** 
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■ ♦ 

If the phosphorus is weighed before^ the experiment, 
•and the qtumtxt^ of oxygen gas has been also ascertainei), 
the weight of the produced acid will be found equal to the 
sum of me weights of ithe phosphorus consumed and oxy- 
gen absorbed, if the experiment has been conducted care- 
fully. F<H'ty grains of phosphorus absorb generally six- 
ty-five gf oxygen. 

If the 03^gen gas be pure, the residuum after com-' 
bustion is as pure as the gas employed : this proves that 
nothing could escape from the phosphorus capable- of 
altering the purity of the oxygen gas, and that the only 
action of the phosphorus is to separate the oi^gen from 
the caloric with which it was before united* 

This property of being convertible into an acid belongs 
to all combustible bodies : hence the combination of oxygen 
with such a body is called oxyiffenatkUj or oxygcnizement. 

EXPBRIKSNT III. 

Com6u8tian of ntlpkur in escygmffosm 

This experiment is best perfonned by filling a large 
receiver with oxygen gas in the water apparatus, and 
removing it by means of a flat dish into the mercurial 
trough, take care to leave a little water over the mercury. 
When this is done, put a small piece of sulphur into a 
copper ladle, set fire to it by means ci a candle and blow- 
pipe, and introduce it into the gas. The sulphur win bum 
with a beautiful blue flame : when the fumes have disap- 
peared, the water over the mercury will be found to have 
an acid taste ^ it will tuin .blue vegetable cdours red, and 
effervesce with carbonated alkalies. It is therefoi^ an 
acid ; and, as it is composed of sulphur and oxygen, it is 
called sulphuric acid. If the respective quantities of gas, 
sulphur, and water, have been previously ascertained, die 
water will be found to have increased in wei^t, as much 
as the sum of the weights of the sulphur and oxygen con- 
sumed. 

Ration A LE....Sulphur is a simple combustible body, 

which possesses the property of decomposing oxygen gas 
at «L high temperature, by attracting the oxygen from the 
caloric with which it was combined, in order to be con- 
verted into sulphuric acid. 
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EZPB&IXEHT IV. 

Comktsthn of charcoal in oxygen gas* 

The oxygenation of charcoal may be efiected like that 
of phosphorus, in the receiver placed over mercury. Bat 
as the heat of the red hot iron is not sufficient to ignite the 
charcoal a small piece of tinder, with a minute particle of 
phosphorus, are brought in contact with it ; these being 
set on lire will kindle the charcoal, which then will bum^ 
and throw out scintillating sparks in all directions. 

After the combustion ceases, it wiU be foand that the 
elastic fluid under the receiver has not disappeared, as was 
the case in the former experiments $ but that a new pecu- 
liar kind of gas is formed. This air is unHt for respira- 
tion» and incapable of maintaining combustioh. , It is 
greatly absorbed by cold water, and vanishes by lime-wa- 
ter, barytic-water, or by other alkalies, which first are 
rendered turbid, and prove it to be an acid, consisting of 
charcoal and oxygen ; hence it is called carbonic acid 
gas. Whatever quantity of gas remains after the absorp- 
tion hv alkalies is that portion of oxvn;en gas which has * 
e&capLci the action ol the charcoal during the comhustion. 

RATioNALE,...The charcoal in this case likewise effects 
a decomposition of the oxygen gas. Whrn charcoal is 
ignited^ its affinity for oxygen is stronger than that of 
caloric ; it therefore unites to it, and forms carbonic acid, 
which assumes the gaseous state at the temperature of 
our atmosphere. Part of the light and heat becomes 
liberated; and appears under the form of fire. 

DECOMPOSITION OF OXYGEN GAS BY ME- 
TALLIC SUBSTANCES. 

Oxygen has likewise a great affinity for another kind of 
combustible bodies, we mean those called metals ; parti- 
cularly, when heated to a certain degree. All metallic 
bodies, except gold, silver, and platina^ have the pro- 
perty of decomposing oxygen gas, by attracting its pottder- 
a,ble base (the solid oxygen) from the caloric and light> 
wluch.kept it in its gaseous state* They then Ipse their 
properties and approa^ch to the acid state. 
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Experiment I. ■ 

Combustion of arsenic m oxifgen g-as^ and production of 

arseniotts acid* 

Put into a copper ladle a piece of metallic arsenic, 
having previously affixed to it a small bit of wood or 
charcoal. Set fire to the charcoal by means of the blow - 
pipe, and quickly introduce it into the gas. The charcoal 
being inflamed, it will communicate the combustion to 
the arsenic, which will burn with a beautiful white flame. 
The receiver will become filled with dense white fumes, 
and a coat of arsenic will gradually cover the whole inside 
of the receiver. When the combiisdon haa ceaaed, or 
when aO the arsenic is bumt| let ihe receiver be moved 
out of the water-trough* A coat of white powder will be 
observed floating on the water, which is arsenious add* 
This may be collected* and added to that adhering to 
the sides of the receiver. 

RATiONALE.f.« Arsenic is a simple combusdble body ; 
on being presented under these circumstances to os^geii 
gas, it attracts the basis of it, with which it unites, and 
forms arsenious acid. 

Experiment II. 

♦ . 

' Combustion of iron in oxygen gas* 

This experiment may be exhibited in the most conve- 
nient manner as follows : a glass recaver, with a narrow 
open neck, must be provided. It may be dosed at the 
top with a cork, or a rough-ground fiat piece of dass or 
metal. It is to be filled with water and put upon me shdf 
of the pneumatic trough. Oxygen gas is then conveyed 
into it in the usual manner* When the receiver is filled 
with gas, a shallow basin or dish with water must be 
brought near it, so that the receiver may be removed with 
the gas, and easily slid into the basin. The gas is thus 
confined by the water, and the recdver may be removed 
to any convenient place. Iron wire of about -^q of an 
inch in diameter must be coilefl tightly round a stick of 
wood or glass, of about half an inch in diameter ; the stick 
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is then withdj awn, and thfi wire will form a length of 
spiral rings. This wire, extended to about the inside 
length of the receiver, must be fixed in a cork, so that it 
may hang vertically, and may be readily introduced at the 
top of thfe receiver, and kept, by means of the cork, firm 
therein : at the other extremity of the wire, a little thread 
dipped in sulphur, or a piece of wood, is to be fixed* 
The thread or wood is then lighted, and the wire quickly 
introdtkced into the receiver; an intense deflagration. of 
the wire immediately takes place, throwing out a num- 
ber of brilliant sparkst ascending in a spiral direction^ 
with a beautiful sun-like body) giving in a darkened room 
a luminous appearance inconceivably striking. 

If we examine the weight of the iron afiter combustion, 
we find it augmented in proportion to the quantity of 
oxygen it has absorbed. It has at the same^time lost its 
metallic splendour, and obtained properticSs different firom 
those it possessed before* 

The use of the heat employed for the first ignition is to 
separate the particles of the metal from each other, and 
to diminish the attraction of cohesion or aggregation. 

Ration ALE*...The iron, when heated to a certain de- 
gree, decomposes the oxygen gas : the equilibrium of the 
attraction subsisting between the caloric and solid o^rgen 
being interrupted, it is acted upon by two separate and 
opposite forces, that of the attraction for caloric to remain 
in the gaseous state^ and that exerted by the metal : the 
latter power being greater, it unites with it, and gives out 
at the same time its caloric and lii^ht. The new substance 
produced, consisting of oxygen and iron, is called oxydof 
iron. It is not an acid, but it is chanjijed to Tin interme- 
diate substance, approaching to the acid state, though 
not possessing all the requisite properties* 

« ' 

. Experiment IIL 
Combustion of zinc in oxygen gas,- 

Take some turnings of zinc, form a ball of them, and 
affix it to a copper wire ; insert a small bit of phosphorus 
or charcoal into the ball, set fire to it, and introduce it 
quickly into a receiver filled with oxygen gas; the zinc 
will thus take fire, a!\cl burn with a beautiful green iiame 
surrounded by a white one. ^ 
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RATioirALE*«*«Tlus experiment is analogous to the 
fonner : the zinc unites to the oxy^ of the at an 
elevated temperature, and the result is an oigrd of zinc* 

EZPEEIMZHT IV. 

If a current of oxygen gas be conveyed to filinjj5 or 
turnings of metals, they will bum with great mpidity. 

For this purpose^ fill a large bladder > or better fill the 
gazometer, with oxygen gas, and adapt to the bladder, or 
to the stop-cock of the gazometer, a tube ; by pressing 
the bladder, or by pressing down the ball of the gazome- 
ter, and t'jecting the gas on a piece of excavated ij^nited 
charcoal, into which filings oi metal have been put, the 
metal will burn rapidly. 

* The iiiings which exhibit the uiost brilliant lippearaiice 
are those of zinc, copper, antimony, iron^ and steel. 

DECOMPOSITION OF OXYGEN GAS BY VA- 
RIOUS OTHER SUBSTANCES. 

Ek^erimbiit L 

If a lighted wax taper fixed to an iron wire or ladle be 
let down into a vessel filled with oxygen gas, it will bum 
with great spU ndour. If the taper be blown out, and let 
down into the vessel of gas while the snuflf remains red 
hot, it instantly rddadles with a slight explosion, and 
burns vividly. 

4 

Experiment Ih 

A piece of the bark of charcodly fiiatened to. a copper 
wire ignited, and then immersed in the gas, throws out 
brilliant sparks* 

ExrXRIHENT IIL , 

A mixture of nitrate of strontia and charcoal powder, ■ 
previously ignked, burns with a rose coloured Jiame* 

Experiment IV- 

A mixture of one part of boracic acid and three of 
charcoal bums greeru 

VOL. X. SO 
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£zp£RiifBirr V« 

* • 

One part of nitrate of baiytefl and four of charcoal 
powder bum with a yeUow fame* 

Experiment VL 

£(jual parts of nitrate of lime and charcoal powder- 
bum orange red. 

Those who are desirous of multiplymg experiments of 
this kind may present to oxygen gas, under similar condi* 
ttons, a variety of other combustible substances. The 
phenomena attending the combustion of many of them 
are extremely vivid and beautiful : for instance, cotton 
dipt in oil of turpentinei or ardent spirit, resin* camphor, 
elastic gum, &c» / 

Experiment VII. 

Oxygen gas when inspired produces a sensation of plethora : it raises 
the pulse \ once inspired withA half OA liour^ tWCiviB ^USItS of this 

: it produced vertigo. T. C. 
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SECT. I. 

PROPERTIES OF HYDROGEN GAS. 

THIS gast which was formerly called indammaUe air^ 
was discovered by Mr* Cavendish, in the year 1768» 
though it had been noticed long before by the ancients. 
(See Appendix No, 1 7.) The famous philosophic candle 
attests the antiquity of this discovery. 

Hydrogen gas, like oxygen gas, is a triple compound, 
consisting of the ponderable base of hydrogen (page 174) 
caloric, and light.* It possesses all the iiiLch mical pro- 
perties of atmospheric air ; it Is the lightest substance 
whose weight we are able to estimate : when in its purest 
state, and free from moisture, it is about thirteen tirats 
lighter than atmospheric air : animals, when obliged to 
breathe in it, die almost instantaDcoaslv by being defi^ived 
of oxygen. It is decomposed by living vegetables, and 
its basis becomes one of thfi constituents of oil, resin, &c* 
It is inflammable, and bums rapidly when kindled, m cm- 
tact mth aimosphertc air or oxygen gaSf by means of the 
electric spark, or by an inflamed body, and bums when 
pure with a blue lambent flame i but all burning substan* 
ces are immediately extinguished when immersed in it : 
it is therefore bcapable of supporting combustion : it is 
not injurious to growing vegetables : it is unabsorbable by 
most substances, but water absorbs about ^ of its bulk: it 
b capable of dissolving carbon, sulphur, phosphorus, arse- 
nic, and many other bodies* When its basis combines with 

* Nothing like this is proved. T.C. 
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that of oxygen gas, water is formed with nitrogen it 
forms ammonia. It does not act on earthy substances z 
it is decomposable by a great varie^ of bodies* ' 

METHODS OF OBTAINING HYDROGEN GAS. 

It is not among natural products that hydro p en gas is 
to be colk cted. To obtain the purest hydrogen gas, or I 
rather the least possible impure, consists in subjecting 
water to the action of a substance which is capable of de- 
composing lliis fluid. ' r 

1. For this purpose let concentrated sulphuric acid, pre- 
vious.!} diluted with six limes its weight of water, be pour- 
ed on iron filings or bits of zinc^ in a small retort or gas 
bottle, called a pneumatic flask or proof : as soon as the 
diluted acid comes in contact with the metal, a ^ iojent ef- 
fervescence takes place, and hvdrogen gas escapes without 
external heat being applied. It nuiy be collected iu the 
usual manner over water, taking care to let a certain por- 
tion escape, on account of the atmospheric air contained 
in the disengaging vessel. 

RATiONALeM«*The production of hjrdrogen gas isowing i 
to the decomposition water. The iron or zmc, when 
in contact with this flmd, in conjunction with sulphuric i 
acid, has a greater affinity t6 oxygen than the hydrogen 
has; the oxygen therefore unites to it, and forms an 
oxyd of that metal, whieh4S instantly attacked and dissolv- - j 
ed by the acid j the other constituent part of the water, I 
the hj^drogen, is set free, which, by uniting with caloHc, 
assumes die fom of hjrdrogen gas, the oxygen is there* 
fore the bond of union between the metal and the acid. 

The hissing noise or effervescence observable during 
llie process is owing to the rapid motion excited in the 
mixture, by means of the great number of air bubbles 
quickly disengaged, and breaking at the surface of the 
fluid. I 

Rem A EK.... We see in this case that trvo st^stances 
exert an attraction, and are even capable of decomposing 
jointly a Mrd^ which neither of them is able to do sing^ly, 
if we present sulphuric acid alone, or iron or zmc 

* Hence its name Hydrogen, which is derived from 
water^ and Jam born, , I 
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alone to water, they cannot detach the oxygen from the 
hydrogen of that fluid ; but if both are applied, a decom- 
poaltbn is instantly effected; This experiment therefore 
proves, that the agen9y of chemical affinity between two^ 
or more bodies may He dormant, until it is 4;alled into 
action by the interposition of anotfaef body, which fre- 
quently exerts no energy upon any of them in a separate 
state. (See Chemical AMmty^ law V. ^. 61*) 

Instances of this kind were formerly caSSs/dipretRsponfig 
affhuties* 

2* Iron in a red heat has also the proper^ of decompos- 
ing water, by dislodging the oxygen from its combination 
with hydrogen in the following manner. 

Let a gun-barrel, having its touch hole screwed up, 
pass through the universal furnace, or through a large 
crucible perforated for that piirpose, taking care to incline 
the barrel at the narrowest part j adjust to its upper ex- 
tremity a retort charged with water, and let the other ex- 
tremity terminate in a tube introduced under a receiver 
in the pneumatic trough. When the apparatus is thus dis- 
posed, and well luted? bring the gun-barrel to a red heat ; 
and, when thoroughly red hot, make the water in the 
retort boil ; the vapour, when passing through the red- 
hot tube, will yield hydrogen gas abundantly. 

RATioNALE....In this experiment the oxygen of the 
water combines with th% iron at a red heat, so as to con- 
vert it into an oxyd ; and eakuric applied combines 
with the hydrogen of the watery and forms hydrogen gas* 
It is therefore the result of a double affinity, that of tlw 
oxygen of the water with the metals and that of its hydro- 
gen with caloric* 

The more caloric is employed in the experiment of de- 
composing water by means of iron, &c the sooner is the 
water decomposed. 

* Hydrogen gas is frequently found in great abundance 
an mines and coal-pits, where it is someUmes generated 
suddenly, and becomes mixed with the atmospheric air of 
these subterraneous cavities. If a lighted candle be 
brought in, this mixture often explodes, and produces the 
most dreadful effects. It is called by miners fire'damp* 
It gcnLrall)' forms a cloud in the upper part oi the mine, 
on account of its levitv ; but does not mix there with at- 
mospheric air, unless some agitation takes place* The 

* Rather carburetted bydjogen. T, C. 
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ntinen frequently set fire to it with a candle, lying at ihe 
same time flat on their faces, to escape the violence of the 
shock* An easier and more safe method of ckaning the 
mine is, by leading a long tube durough the shaft of it^ to 
the ash pit of a furnace : hy this means the gas will be co&« 
ducted to feed the fire. 

Hydrogen gas, in whatever manner produced, ah^ayB 
originates from water, either in consequence of a prece- 
ding decomposition, in which it had been combined, in 
the state of solid or fixed hydrogen, with one of the sub^ 
stances employed, or from a decomposition of water ac- 
tually taking place during the experiment. 

REMARK8....There are Instances recorded of a vapour 
issuing from the stomach of dead persons, which took fire 
on the approach ol a candle. We even find accounts in 
several works of the combustion of living human beings, 
which appears to be spontaneous. Dr. Swcdiaur related 
some instances of porters at Warsaw, who, having drank 
abundantly of spirit, fell down in the street willi the 
smoke issuing out of their mouths ; and people came to 
their assistance, saying thev would take fire ; to prevent 
which they made them drink a great quantity of milk, or 
used a more singular expedient, bv causing them to swal- 
low the urine of the bystanders, immediately on its^eva- 
cuation. 

' However difficult it may be to give credit to such nar- 
ratives, it is equally difficult to reject them entirely, with- 
out refusinp^ tu a lmit the numerous testimonies of men 
who were lor ilu most part worthy of credit. Citizen Lair 
has collected all the circumstances of this nature M'hich 
he found dispersed in different books, antl has rejected 
those which did not appear to be supported by respecta- 
ble testimony, to which he has added some others rela- 
ted by persons still living. These narratives are nine in 
number; they were communicated to the Phibmatic 
Society at Paris, and inserted in die bulletin, Tfaermidor^ . 
An. 5, No. 29. 

The cause of this singular phenomenon has been attri- 
buted to a developement of hydrogen gas taking plade in 
the stomachs of these individuals. 

Citizen Lair believes that the bodies of these people 
were not burned perfectly spontaneously; but it appeared 
to be owing to some very slight extenud cause, such as 
.the fire of a candlcy taper, or pipe. 
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8BCT. n. 

EXPERIMENTAL PROOFS OF THE PROPER- 
, TIES OF HYDROGEN GAS* 

EXJP£RIMSNT L 

Hydrogen gas is considerably ughter than atmospherk air* 

Fill a receiver or wide-mouthed bptde with hydrogen 
gas, and let it stand for a few minutes^ with its open mouth 
upwards, exposed to the air* On letting down a lighted 
candle into the bottle^ the gas will be found to have esca- 
ped, for the candle will bum with its usual splendour. 

If another jar, filled with the gas, 'be placed with its 
mouth downwards, the air will be prevented from ascend- 
ing by the bottom and sides of the vesself as may be prov- 
ed by inserting a lighted candle, which will be instantly 
extinguished* 

EXPERIUEMT II* 

Soap Mfbies filled zoith h^drogengoa asceftd rapidfy* 

Fill with hydrogen gas a bladder, and adapt to it a com- 
mon tobacco pipe ; dip the bowl of the pipe into a lather 
of soap, squeeze it gently in order to form a bubble, and 
detach it in the usual manner. These bubbles will rise 
rapidly into the air; if a^ lighted taper be presented to 
them, they catch fire and burn without noise* 

If into a basin of soap-suds a mixture of hydrogen gas 
and atmospheric air be blown, by means of a bladder and 
pipe, so as to form bubbles over a considerable part of the 
surface of the suds, and a lighted match be then presented 
to it, the whole will explode with a loud report. 

The theory of bnllnon'^ or aerostatic machines is found- 
ed on the levity of hydrogen gas. It is sufficient that the 
weight of the balloon itself, and of the enclosed g;is, 
should be lighter than an equal bulk of common air; and 
it must rise till its weight is in an equilibrium with an 
equal volume of the surrounding medium. The theory ol 
the MoHgolfiers is very different from this. 
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KXPERIMENT IIL 

Hydrogen gas extinguishes burning bodies. 

Bring an inverted jar, filled with hydrogen gas, over die 
flame of a candle, and depress the jar at once, ao 6iat the 
lighted wick may be wholly surrounded by the gas. The 
candle will immediately be extinguished* 

Experiment IV. 

Hydrogen gas is un^t for combustion* 

Introduce hvdrogen gas into a jar filU d with mercury ; 
when the mercury is displaced, pass up into the gas a 
piece of tinder^ to which is affixed a little phosphorus, 
and apply to the latter a heated wire. As soon as the 
phosphorus is touched with the hot wire it will melt, but 
will not bum ; the gas is thereioi e unlit for combustion. 

Ezi^EftlHENT V. 

Hydrogen gas is ur^fit for resfnratiotu 

Take a bell-glass, ground at tlie top ; having tilled it 
with hydrogen gas, put a bird, or any other animal, into it, 
and cover it with a ground-flat piece of glass, to prevent 
the fluid from escaping. The animal conhned in the gas 
will bi' thiown into violent conv^ulsions and soon expire, 
but merely on account of atmospheric air being excluded, 
for the hydrogen gas has suffered no alteration. {See Ap- 
pendix No* 18.) 

« 

Experiment VI. 

Hydrogen gas is mly inflammable in contact with atmos- 
pheric air J or oxygen gas, 

4 

Fill a narrow -mouthed phial with hydrogen gas, and 
tate it from the pneumatic trough by placing the thumb on 
the mouth thereof to pre vent the gas from escaj)ing. If 
a lighted taper be applied to the mouth of the bottle, the 
gas will take fire and burn with a lambent flanK-. The 
gas will only burn in contact with the atmospheric air « 
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Ae flame will descend gradually till all the gas is con- 
sumed ^ but if the taper be iaimcrsrd in it, it becomes 
extinguished, as we have seen beloie, Experiment III. 

If the hydrogen gas be pure, the flame is of a blue 
colour ;.but if the gas holds any substance in solution 
which is generally the case^ the flame is tinged of different 
colours according to the substance. It is moat usually 
reddish) because the gas holds in solution a little charcoaL 

£XP£EIM£NT Vil. 

' The pkihsophical candle which cannot eaeify be hkfwn ouR 

Fill with hydrogen gas a bell-glass» furnished with a ca« 
pillary tube ; compress the gas, by making the bell descend 
•below the level of the water in the pneumadc trough, then 
apply a iig:hted taper to the upper extremity of the tube, 
the gas will take fire, and exhibit a candle which will 
bum till all the gas is consumed. 

Artiflcial fire-works may be constructed by filling blad* 
ders with hydrogen gas, and connecting them with 
revolving j«"ts, tubes, &c. bent into different directions, 
and formed into various figures, which are pierced witk 
holes of different ^izes. The air being forced through 
these holes by presiiiiig the bladders will, when inflamed^ 
exhibit a curious fire-work without noise or smoke. 

It is on similar principles that Mr. Cartwright's fire- 
works were formed. 

By the conihi nation of the inflammable property of 
hydrogen gas and the effects of electricity a curious philo- 
sophical lamp has been invented by Foita^ which, by the 
turning of a stop-cock only, may instantly be lighted many 
hundreid tiroes : for a particular descrippon oi which we 
refer our readers to Adams's Lectures on Natifrid Philo* 
sophy, voLii* p* 98* 

All these experiments show that hydrogen gas, which Is 
not inflammable when alone, possesses that property when 
in contact with atmospheric air* 

Hydrogen gas bums in proportion as it is environed 
with' a largeriptantiQr of atmospheric air or oxygen gas* 
As hydrogen gas and oxygen, or atmospheric air,* have a 
like aggregation, it is possible to mix them in such a mfm- 
ner, as that eveiy particle of each gas shall be contiguous 

voi» 31 



by Google 



Froqfi qf tlie Properties oj Hydrogen Gas. 



to a pai tide of the other, in which case they will buia 
with great rapidity. 

Detonation of hydrogen and atmospheric air* 

Fill a Mlrong bottle, capable of holdiog about foor ouncea 
of water^ tn tudi a maimer that there may be one part of 
hydrogen gas and two of atmoapheric air* On applying a 
lighted taper the mixture will not btun allently, tmt ttie 
whole win txpiode with a loud reportf and die inaide of 
the bottle will become moiat* 

RBlKAftlUM*It ia prudent to wrap a handkerchief round 
die bottle, to prevent it from doing any injury if itahouM 
burat. The aafeat way of making thia experiment ia with 
a bottle of elaatic gum* 

The same experiment may be repeated with oxygen gaa 
instead of atmospheric air, chaogtng the propoi^ons, and 
mixing only one part of oxygen gas with two of hydrogen* 
The explosion will tiien be mud^ louder than in the for^ 
going experiment* 

ExrxRiMXMT IX* 
* Hydrogmgw u akaorbcd Ay charcoaL 

Charcoal has the property of nl^snrbing hydrogen gas, 
hut it takes up a smaller portion than any other gas 
hitherto tried. If a tall cylinder, or eudiometrical tube, 
be hileci with hydrogen j^as, and a piece of fresh prepared 
charcoal be passed up into it, the volume o£ the gas will 
speedily become climiniished. 

Remark,,.. .Morozzo found that a piece of charcoal, 
12 lines long- and 8 in diameter, extinguished m mercury ; 
and ^vhen plunged into a tube, 144 lines long and 12 in 
diameter, and filled with this p^as, absorbed of the 
whole. Messrs. Rouppe and Van Noorden noticed, that 
new-made charcoal, allowed to cool without being exposed 
to the air, when plunged into hydrogen gas, absorbed 
about half its bulk ol it. \\ lien charcoal thus impreg- 
nated with hydrogen gas is exposed to common air, the 
oxygen of the air combines with tlie liy drugeu, and forms 
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water. The same phenomenon takes place when oxygen 
gas is employed instead of common air.* 

EXPS&IXEMT X. 

Ta chorg'e and firs a ammm or phial nmoM of 

hydrogen gns. 

This experiment may be made advantageously by 
means of an apparatus, sold under the name of the inflam- 
mable air pistol or cannon. 

To charge this pistol nothing more is necessary but to 
introduce its open end into a \\ ide mouthed bottle, filled 
with a mixture of oxygen and hydrogen gas, leu\ ing it in 
for a few seconds ; it is then to be stopped with a cork, 
and may be fired by the electric spark, taken either fruin 
the prime conductor of the machine or a charged Leyden 
vial. 

Experiment XL 

The froduction of wafer by detonating hydrogen and 

oxygen gases 

Is founded on the same principle. Take a strong glass 
tube, about half an inch in diameter and twelve inchea 
long, closed at one end, and graduated into cubic inches, 
or any other equi-distant parts. About half an inch from * 
the closed end or top, two small holes are drilled oppo- 
bite to each other, and into each of these a wire or con- 
ductor is to be cemented, so that the two points may be 
distant from each other, within the tube, about one-eighth 
of an inch or less. Into this tube, standing in water, two 
parts in bulk of hydrogen gas, and five parts of atmos- 
pheric air, are transferred. The tube is men to be firmly 
held, and an electric spark is passed, by means of the con- 
ductors, through the mixture of the gases ; an immediate 
explosion takes place, tiie volume of the gases will be di- 
minished, and the water will ascend in the tube ; for the 
whole of the hydrogen gas is consumed, and likewise all 
that part of the common air whidi consisted of oxygen 
gas ; and there is formed a quantity of wa^ equal in 
weight to tl^ese two bodies* 

m 

' Aim. deGbim. zxiillS. • 
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RATioKALr....The hydrogen gas robs the atmopheric 
air of the whole portion of oxygen gas it cont:\ined ; this 
mixture being fired by the electric spark disappears, and 
forms water. The residue therefore indicates the quan- 
titv oi nitiogfcii gas which was coiitaint;d in the given 
bulk of atmospheric air with considerable accuracy. 

REMAR]c....If mixed in the proportion of one part in 
jjulk of the former, and two parts of the latter gas, or 
more accurately, 85 parts by weight of oxygen gas, and 
15 of hydrogen gas, and then esqploded over water, the vo« 
Jume of the gases disappears : and the exploding tube in 
which they were contained becomes completely filled with 
water, on account of the total vacuum which had been 
formed* 

If the explosion be made in a close vessel^^or over mer- 
f my, a quantity of water is alwa}^ produced, e(|ual in 
weight to the gases employed. 

This water must be composed of the two gases ; for it 
did not previously exist in the vessel, and no4>ther sub- 
a^ce besides the gases was introduced* Water then is 
composed of oxygen and hydrogeii; and the combustion 
of hydrogen is nothing but the act of its combination with 
uxygen* * ■ • 

it ha^ been with gveat plausibility conjectured, that de- 
tonations in the air, or claps of thunder, are similar ef- 
fects of the combustion of hydrogen and oxygen gas ; an4 
that the rain which falls so copiously at the time of thun- 
der storms is owing to a sudden formation of water in the 
atmosphere, from the rapid combustion of the hydrogen 
and oxygen gases fired by an electric spark. 

The diminution of hyd ogen and oxygen gases by their 
bases may also be shown in the following manner : 

*: . . £XP£RIM£NT XII. 

a tall jar with oxygen ^ns, nnH fill also with hvdro- 
gen gas a bladder, furnished with a stop cnrk, ami with a 
long brass pipe like the letter S, and drawn out to a fine 
point. On pressing the bladder a stream of gas will issue 
from the pipe, which may he set fire to, and brought cau- 
tiously under the inverted jar of oxygen gas. By this in- 
tt J co^irse the stream of hydrogen gas will be burnt in a con- 
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fixed portion of oxyj^n gas : by continuing the combus- 
tion a sufficient time, the water will rise gnidually within 
the jar. On the first impression of the heat indeed a small, 
qi aati*.; of gas will escape from the jar, which will rea- 
der it diiHcult to ascertain what degree of absorption ac- 
tually takes place. But this loss may be prevented by 
using a jar, with a neck at the top^ to which a compress* 
ed bladder is firmly tied. The expanded air, instoui of 
escaping through the water, will now enter the bladder at 
the top ; and when the ^xperioiem; is closed and. the ves* 
sels have cooled^ it may be aacertdbed, by pressing out 
the gas from the bladder, what quantity of oxygen gas has 
been consumed* When this experiment is made with the 
substitution of common air for oxygen gas, a<Uminutioii 
takes place, but much less considerable, viz* not amount- 
ingto one-sixth of the original bulk of ^e gases. 

KATiOHALE*»..The disappearance of the gases depends 
on the union of their bases» which takes place during the 
state of ignition^ and forms water» as has been noticed al- 
ready. ^ 

Though hydrogen gas unites with oxygen gas only by 
the effect of combustion, exerted by contact of an in- 
flamed body, yet the k^rdrogen contained in a great num- 
ber of combinations, even solid« combines probably in va- 
rious ways hitherto unknown lo us, and produces difler- 
ent with different bodies. 

It has been mentioned before that hydrogen gas kills an-» 
imals when immersed in it; but this f^as ir^ not itself de- 
structive to animal life. Schecle first inspired it several 
times fiuccessively without danger, and almost without 
uneasiness. Other chemists and philosophers have since 
jreperited this experiment with success. 

Pilatre de Rozier breathed hydrogen gas six or seven 
times from a bladder without inconvenience. (JSee Ap^ 
pendtx No. 19.) , 
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PART XVII. 



SECT. I. 



PROPERTIES OF NITROGEN GAS. 

NITROGEN gas, or azotic gas, as it is also called, is 
not possessed of any remarkable prof>erty capable of cha- 
racterizing it ; but is principally distinguished by certain 
negative qualities, namely : it is extremely hurtful to 
respiration, and quickly kills animals ;* plants thrive and 
even flourish in it ; it has no sensible taste ; it neither 
reddens blue vegetable colours, nor precipitates lime or 
bar>lic water ; its weight is to common air as .985 to 
1.000. No combustible substance bums in nitrogen gas; 
but it is capable of combustion in combination with oxy- 
gen gas when exposed to the action of the electric spark : 
it is not absorbable by water ; it is capable of dissolving 
sulphur, phosphorus, and charcoal, in minute quantities ; 
it unites to hydrogen under certain conditions, and con- 
stitutes with it ammonia. When united to oxygen in 
different proportions it produces atmospheric air, gaseous 
oxyd of azote or nitrogen, nitrous gas, nitrous acid, and 
nitric acid ; it is a component part of all animal substan- 
ces, and communicates to them their most distinctive cha- 
racters : it was discovered by Dr. Rutherford of Edin- 
burgh in 1772. 

* Hence the name azote, which bignifies " destructive to 
lite,*' from « and 
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Nitrogen gas has been found fay Prftstly in the Bath 
' waters^ and by Pearson in the Boston waters. 

METHODS OF OBTAINING NITROGEN GAS. 

Nitrogen gas may be obtained by Variona means : for 
instance, it has been long since ascertained that air, which 
has served the purposes of combustion and respiration^ 
is no longer proper for these uses. Cheinists have avdi- 
edthen^elves of this circumstance, in order to obtain id* 
Crogen gas in the foUowmg manner* ' 

1. Make a qnantity of sulphui«t of potash or sulphuret 
of iron into a paste with water, and place the mixture in 
a saucer or plate over water, on a stand raised above the 
fluid ; then invert over it ajar or bell-glass, and allow this 
to stand for a day or two. The air contained in die befl- 
^ass will gradually diminish, as will appear from the 
ascent of die water,, until only about three fourths of its 
, original bulk remain. 

When no further diminution takes place, the vessel 
containing the sulphuret must be removed, and the re- 
maining air will be found to be nitrog-en g-as. 

Rationale. ...Ihe moistened sulphuret ofpotash'has 
a great afHnity to oxygen ; it attracts and separates it from 
the atniosphtn ic air, and the nitrogen gas is left behind ; 
the sulphur is during the experiment converted into sul- 
phuric acid, which unites to the alkali, and forms sulphate 
of potash. The water with which the sulphuret is moisten- 
ed likewise undergoes a decomposition^ as shall be more 
fully proved in another place. -i-** 
* ' 2. Nitrogen gas may likewise be obtained from fresh 
animal substances. For this purpose cut a piece of lean 
muscular flesh into small pieces, introduce them into a 
retort, and pour over them nitric acid of commerce, dilut-' 
ed with treble its bulk of water. If the heat of a lamp 
be then gently applied the gas will be speedily obtained. 

Rationale.. ..Animal substances arc composed of ni- 
trogen, carbon, hydrogen, and oxygen. On adding nitric 
acid the equilibrium of the respective affinities is destroy- 
ed^the nitrogen gas becoming separated. ' " • . 

the nitric acid does not furnish the nitiogen gas is 
^Lfrbm its saturating after its action .as large a 

1 -4. ' » ' f 
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quantity of alkali as tjt f ore ; consequently it could not have 
fiuifercd any alteration. 

Remark. ...The fibrous part of animal matter is that 
which affords the most nitroi^en i^as ; next to this, all the 
concretive parts, such as the clot of blood ; next to that, 
ulbuminous matter, such as the serum and white of c^gs, 
cheese : gelatinous substances afford the least. 

3. Nitrogen gas may likewise be obtained by causing 
oxygenated muriatic acid gas to be received in a vessel 
containing liquid ammonia* 

Raticiials;*.. AmmoDta consists of hydrogen and ni* 
trogen. The hydrogen of the ammonia unites to ^jbt 
oxygen of the oxygenated muriatic acid, and forms water; 
heat is eyolved, the nitrogen becomes free, and the oxy-i 
genated muriatic acid becomes converted into simple mu* 
riatic acid* 

Other methods of obtaining nitrogen gas will be given 
in the next part* 

SECTT. n. 




EXPS&IMXMT I« 



NHrogm gas is not absorbable hf water** 

Take a long glass tube, divided into equal measures, 
which are distin^ished by marks made with a diamond 
or file ; send up mto it any quantity of nitrogen gas ; on 
agitating it strongly over water no absorption will take 
place, the volume of the air will not \^ sensibly dimi* 
nished* {See Appendix No* 20*) 

Experiment IL 

J^trogen gas does not exhibit signs of acidily* 

Fill a receiver with pure nitrogen gas, an.' introduce 
therein a piece of litmus paper, or a small quantity of 

• ' It iu. See Appendix No. 20. 
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tincture of red cabbage^ no change of colour will be pro- 
duced in either of them ; the gas therefore cannot be acidi 

£jCF£fiIM£NT IIL 

Nitrogmgas does not maintain combustion^ and is fatal to 

aninial life* 

This may be proved by plunging a lighted taper into a 
gliuis filled with this gas ; the taper will be immediately 
extinguished* 

If a small animal, such as a mouse or hird^ be immened 
in the gas» it instantly dies* 

£XP£|LIM£NT IV* 

Nitrogen gas is capable of combustion with oxt/gen^ at a 

high temperature* * 

Take a barometer tube, the diameter of which is about 
the sixth part of an inch. Shut one of its ends with a 
cork, through the middle of which passes a small, wire, 
widi a ball of metal at each end. FiU the tube with mer^ 
cury, and invert it into a basin of this fluid. Throw up 
into the tube as much of a mixture of 13 parts of nitro* 
gen gas and 87 parts of oxygen gas as wiU fill three incheSs 
Through this gas, by means of the wire in the cork, pass 
a number of electric sparks ; the volume of the gas gra- 
dually diminishes, and in its place will be found nitric 
acid* 

EZPBRIKENT V* 

A tfdxture of nitrogen goo and oxygen gas profyceo orH" 

f^ud atmospheric air* 

Introduce into a bell glass filled with water four parts 
oi nitrogen gas and one of oxygen gas : after shaking the 
mixture well togethe r, an air will be formed greatly re- 
sembling' that of our atmosphere ; for if a lighted taper^ 
or any other btirning substance, be plunged into this fluid, 
it will bum in the same manner as it does in atmospheric 
air ; it may be hreatlied with safety, and animals confined 
in it will live as long as in an equal quantity of atmosphe- 
ric air. 

VOL. I. 32 
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Remark. ...Though \vc arc not capable of producing 
in this manner an air absolutely the san^e as that of the 
atmosphere, the fault is not to be attributed to our igno- 
rance of the quantit v and quality of the gaseous bases, but 
to a difference in their union : in the atmosphere the union 
of the two gases is a true chemical combination, but in 
our experiments the mass of the formed air is a mere 
inechanical muaure. 

ESPERIMBHT VL 

Nitngm doft not prec^Uate Hme from Rme vmter. 

This may be proved by putting a quantity of lime wai- 
ter into a tube hlled with the ;^as, and shaking it. The 
transparency of the lime water will not be injured* [Set 
AppmdtK No. 21.) 
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THE whole globe of the earth Is surrounded by^ or i$ 
involved in, a fluids called air, which though not perceiv* 
ed by our eyes is however manifested in various ways. 

Whatever has been hitherto stated relative to the dif- 
ferent kinds of aeriform fluids is chiefly important, be- 
cause the knowledge of them is necessary to enable us to 
comprehend the nature of the air or gaseous fluid in which 
we are plunged the moment we are bom, and in which 
we exist. This fluid which surrounds the earth to a con- 
siderable but unknown height above its surfacci is called 

TH£ ATMOSPHERE. 

As fishes are surrounded by water, and live and move 
in water, so are we human beings, and all other animals, 
surrounded by air, and live and move in air. A fish 
which is taken out of the water will die in a short time ; 
and a human being, or any animal, taken out of the aerial 
fluid, will in general die much sooner. Water gravitates 
towards the centre of the earth, and so does air. Hence 
as a fish or any body in water is pressed on everj' side by 
that fluid, so are other animals, See. pressed on every side 
by the surface of air, and this pressure (as will be shown 
hereafter) is very considerable. 

As the progressive motion of water from one place to- 
wards another is called a current of water, so the pro- 
gressive motiou of the air is called in general ivind^ 
which according to the different velocities of that fluid is 
more particularly specified by the appellation of breeze^ 
fferUle wind^ gak^ &c. 
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In treating of the different aeriform fluids which have 
iiitherto been the subject of our consideration, it was ne- 
cessary in some measure to anticipate the present, imcl to 
intimate that the air of our atmosphere is not, as was for- 
merly supposed, a simple or homogeneous fluid, but that 
in reality it is composed of two distinct fluids, called 
oxygen gas and nitrogen gas* 

Strictly speaking, & air of our atmosphere it» nowever 
not to simple a substance as to be fonned only of two in- 
gredients* Besides the two bodies of which it is compos- 
ed, it contuns a small portion of another gaseous fluid, 
called carbonic ackL * 

It is also well known that a large portion of water is 
S^erally contained in the atmosphere, besides a ^eat va* 
riety of substances which are subject to evaporation* and 
which are capable oi esdsting in an aeriform state at tlie 
usual temperature* 

SECT. L 

M£CHANICAL EXAMINATION OF ATMOS- 
PHERIC AIR. 

By mechanical examination we would be understood 
to mean such properties as are connected with sensible 
changes of motion, and which indicate the presence and 
a^ncy of moving or mechanical powers. They are there- 
fore strictly the suhjert of mathematical discussion ; ad- 
mitting of measure, number, and direction ; notions in- 
deed purely mathematical. But as those mechanical [)ro- 
perties characterize, or are peculiar to all kinds of elastic 
aeriform or gaseous fluids, no objection occurs to us 
against the propriety of considering ihcm liere briefly. 

The mechanical properties of atmospheric air are 
GRAVITY, ELASTICITY, INDIVISIBILITY, and 
DILATABILITY. 

GKAVITY OF ATMOSPHERIC AIR* 
Experiment L 

» 

To prove the weight of tlie air, a pair of common 
bellows may serve; thus, for instance, if we stop the 
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nozzle and secure the valve hole cloaely, having first blown 
t>r squeezed all the air out of them, we shall find that a 
considerable force is requisite for separating the boards* 
They are kept together by the pressure of the air, which 
surrounds them, in the same manner as if diey were im* 
mersed in water. 

EXPXRIIISIIT 11. 

In like manner, if we stop the end of a sydnge, after 
its piston has been pressed down quite to the bottom, and 
then endeavour to draw it up, we shall find a considerable 

force necessary, viz, about 15 pounds for every square 
inch of the section of the syringe. Exerting this force, 
we can draw up the pistcm and hold it there ; but the mo- 
ment we cease pulling, the piston rushes do\m again. 
We feel something as it were drawing in the piston^ but 
it is solely the weight of the incumbent air pressing it i 
and this obtains in every position of the syringe : because 
the air is a fluid, and presses Jn every direction ; nay, 
it presses on the syringe as well as on the piston ; for if 
the piston be suspended by its ring-on a nail» it will re- 
quire a weight to draw down the syringe equal to that 
which is necessary to draw up the piston, and as soon as 
the syringe is freed from the- weight it will spring up to 
its place again. 

That the air presses equally in all directions becomes 
obvious from the following experiments* 

Experiment IIL 

In a tall phial let an orifice be made about three inches 
from the bottom : stop this orifice. Through a cork in 
the neck of the phial, insert a long tube open at each end, 
and let the lower end be below the orifice in the side of 
the phial. The mouth of the phial being closed up about 
the tube, pour watet into the tube till it is full. Upon 
opening the orifice, the water will be discharged, till its 
surface in the tube is level with the orifice ; after which 
it will cease to flow, because the external lateral pressure 
of the air balances the perpendicular pressure upon the 
Water in the tube* 
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EXPERXXZVT IV. 

If a conical wine glass be entirely filled with water, and 
covered with a fiat piece of paper ; on inverting the glass, 
th e water will be kept irom falling hy tiic upward pressure 
of the air. 

EzFuniBirr V. 

If a vessel be perforated with small holes at the bottom 
but closed »at the top, the upward pressure of the air \\ ill 
keep water within the vessel, as will appear by succesaive- 
ly stopping and unstopping a small hole in the top. 

The pressure of the air may be shown by means of the 
air pump. 

ExpERixEjrr VI* 

I^t t the air be exhausted from a glass receiver placed 
on the pump, the vessel will be held last by the pressure 
of tiie external air. 

£xp£Rihent'VII. 

Let a small receiver be placed under a large one, and 
both be exhausted ; the larger will be held fast, while the 
small one, being protected from the pressure of tiie air, 
may be easily moved. 

ExPZ&XMBKt VIIL 

If the hand be placed upon a small open vessel, in such 
a maimer as to close its upper orifice, it will be held doMm 
with great force, if the vessel be exhausted* 

EXPBRIMSHT IX. 

If the mouth of an open receiver be closely coveicd* 
with a piece of bladder, and then exhausted, the super- 
incumbent air will burst the bladder with a loud report, 
la a similar situation, a thin plate of glass may broken* 

ExPERIHENT X. 

I f a glass bulb with a long neck filled with water be 
put inverted into a vessel of the same fluid, placed imder 
a receiver, and the latter be exhausted, on re-admitting 
the air, its pressure upon the surface of the water in thc 
vessel will cause the fluid to rise up in the buib» 
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ExpxbimsmtXL 

If on a plate» caUed a tran^errer^ the air be exhausted 
irom a long receiver, and then water be admitted through 
a pipe by means of a stop^cock, the water will be pressed 
up» and fbnn a fountain* 

EZPS&IHBNT XII< 

If the air be exhausted from a vessel, and by^eans of a 
cock ke^ 8O9 and the vessel be weighed while it is emp^ii 
and agam weighed when the air is re-admitted ; the difer- 
ence will be the weight of the quantity of air the vessel 
contains* 

£xPE&ni£NT XIII. 

Fill a glass tube, about three feet long, and dosed ar 
one end, with mercury ; then insert the open end in a tup 
or vessel of the same fluid. The mercury in the tube will 
be kept suspended, by the pressure of the external air on 
the surface of that which is on the open cup : when this 
pressure is removed by placing them under a receiver, and 
. exhausting it, the mercury in the tube will sink, and rise 
again on re-admitting the air. 

On the gravity of the air depends the ascent of 
water in pumps, ayphons, £>cc. and the phenomena of the 
baromeler. 

The weight of the air compresses all fluids, and resists 
uieir dilatation ; it opposes the evaporation of fluids, &c. 

The gravity of the air resists the dilatation of the ani- 
mal fluids ; for the blood often btu^ through the skin, 
or from the lungs, on the top of high mountains, occasion- 
ing hemorrhages, &c* because the air is there considerably 
lighter than near the kvel of the sea* 

By the pressure of the an*, the sucking of animals^ the 
art of cupping, and many other phenomena, are explained, 
too numerous to be noticed here* 

The operation of sucking in general consists in remonng 
the ormure of the atmosphere finom a certain part of the 
surface, whilst that pressure is at liberty to act on soone 
other part of the sumce ; in consequence of which, the 
fluid is fprced to ascend where thfr pressure lutf been re« 
moved or diminished* 
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If a mail applv his mouth to the aperture of a bottle full 
of liquor, and iiolding his head straight up, he will not be 
able to suck anv liquor nut of it ; but if a hole be opened 
at the lK)ttoni of the bottle, then the liquor may be sucked 
out of it. Atid the bamt' effect will take j)lace if an open 
Liibf be set with one cud in water, and a man apply liis 
mouth to the other end, and suck. The mechanical part 
ot the operation is as follows : by enlarging his chest, the 
man rarefies the air, and of course diminishes its pressure 
on the li^or which is immediately under die tube ; in 
consequence of which, the pressure of the simosphere on 
the surface of the sunounding liquor forces it to ascend 
into the tuhe. 

. Thus the doctrine of the gravity and pressure of the 
air being established, by the most unexceptionable evi- 
dence, we are enUtled to assume, a firhrif all its legiti* 
mate consequences. 

SPECIFIC WEIGHT OF ATMOSPHERIC AIR. 

A bulk of atmospheric air that is equal to an Knglibh 
quart, when taken near the level of the sea, and at about 
50^ l ahr. weighs at a medium about 16 grains,* and the 
same bulk of rain-water at the same temperature weighs 
about 14621 grains. Hence rain-water is about 914 times 
speeihcallv heavier llian air. 

The pressure of the air is equal to about 15 pounds 
iroy on every square inch, and this pressure is the same 
in every direction. A square mile contains 27,878,400 
< square feet. The earth's surface in round numbers is 
200,000,000 square miles, and - therefore the pressure of 
the atmosphere circumfused about the whole surface of 
the earth is 12"',043,468",800,000',000,000 pounds* 

The surface of a middle-sized man is about 14 square 
feet ; he sustains therefore a weight of air that is equal at a 
medium to about 30,240 pounds troy, or 24,882 j pounds 
avoirdupois nearly, or 1777 stone and 4 pounds* or II 
tons» 2 cwt. 18} lbs* 

Though our body supports such an enormous weight, 
we need not wonder at the freedom with which we tra- 
verse this atmosphere* We see fish move with as great 

* 100 cubic inches, t)ie tliermometer of Fah. bein^ at 60 degrees and 
the ban>inet«r at 30 incbes, weighs 30,78 grainfl. 
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ease in a much more dense and more ponderous fluid* 
We are ndt sensible of die weight of the idr, on aecCMitit 
of its being equally applied on every side, besides^ that iHrc 
have been accuatomed to support it from our earliest in- 
fancy* SeiAatioiis to which we have at dl times been 
habituated are not feki we can perceive no diifereote 
where we have no standard to judge of variations* 

ELASTICITY OF ATMOSPHi^HIC AUL 

^ Hiat the air is an elastic fluid, en- capable of compres* 
ston and expansion, may be proved by a great number of 
experiments* In hxt me elasticiQr or sprmg of the tit 
produces the same eflSsct as the pressure, because the prea^ 
sure is equal to the compressing forced for if it were less» 
it b clear it would yidd and be more comj^ressed ; were 
it greater, it would not be so much reduced $ for action 
and re-acticm are always equal. 

The air gun, the effects of which are* generally knowDf 
illustrates me elasticity of the air, and shows the compres- 
sion k is susceptible of. 

A foot ball or blad4er filled with air rebounds from 
any hard body. 

The elasticity of the air is also proved by fish and other 
Animals* The former have received from nature various 
rineans of action ; among these tS an air bladder, which 
they contract or dilate at pleasure, and by this double 
property they ascend or descend in the water* 

INVISIBILITY OF AIR. 

The invisibility of air suggests the vulgar idea of its 
being nothing : but it must be considered that transpa- 
rent bodies, such us let the rays of light pass freely 
througli them, cannot be seen. Tlius water, glass, air^ 
&c. cannot be perceived by an eye, which is entirely 
surrounded by any of them. And even when that is 
not the case, we can onlv perceive those substances by the 
heterogeneous bodies which they may happen to contain, 
or by the refraction, inflection, &c. of the rays of light at 
their surfaces ; hence, when such bodies are absolutely 
pure, and their surfaces are removed from our sight, so 
that w e cannot observe the bending of the rays of light at 
those surfaces, then it is impossible to discern the bodies 
themselves. • ' " ' 
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DilatcAUuy of Air* 

If a glass bottle endrdy filkd with perfectly transparent 
water bie situated against a dark place^ so that no objects 
may be seen through it, a person who looks directly at it 
will not be able to say whether the bottle be full of water 
or not. A fish, or num in watett will fad ifie water, bit 
cannot see .it. The particles wUch are seen moving 
about when tight passes through a hole in a room other- 
wise dark, are not the particles of air, but they are parti- 
cles of dust, &c» which float in the lur. Hence, 

Atmospheric air when confined in Tessds is absolutely 
invisible, and cannot be'distinguished from the g^ass whidi 
contains it. It owes this property, as stated before, to the 
ready passage' it affords to uie rays of light, which are 
refracted wiuiout being reflected, and it is therefore des- 
^titute of colour I though some philosophers have per- 
suaded themselves that they discovered large masses of it 
to be of a blue colour, as is the case in the sky, or in view- 
ing extensive Ijandscapes* But this is certainly a mistake ; 
the blue colour is occasioned by the. vapours which are 
ialways mixed with the air, and which have the property 
of reflecting the blue rays more copiously than any other* 

It appears, from the very accurate observations of Saus- 
surc, that the colour of the sky acquires a deeper shade in 
proportion as it is viewed from a more elevated situa- 
tion.* Consequently at a certain height the blue will 
disappear altogether, and the sky appear bhckf that is to 
say it will reflect no light at alL 

DILATABILITY OF AIK. 

• We have noticed already (page 98) that if a flaccid or 
half blown bladder be exposed to ih< action of caloric, 
the air wiH be dilated so as to burst die bladder. 

. • - , Experiment L 

To the bottom of a hollow glass ball let an open bended 
tube be affixed. Let the lower part of the bended tube 
be filled with mercury : the external surface will be 
.pressed by the weight of the atmosphere, and the air en* 

* Journal de Ayaiqiie, Maiich 1777» and Saussuie's Voysgea ilans les 

Alpes. 

baussure's Cvanonteier, was a board pamted wiUt aU Uie iibades of blue 
from' a tight blue to the deepest, approaching to bladE. 

» 
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dosed in the ball of the tube by means of the mercury 
will be equally pressed by the sprmg of the air within the 
vesseL if the ball be immersed m boiUiig water, the in- 
creased elasticity of the included ab will laise the mer- 
cury in the tube. 

RsMA&x*«..The llieoiy of the Mongolfiers depends on 
the rarefiMsdon of the air. In this case a given vohmie of 
atmospheric air is rarefied by heat, and kept separated 
from the common mass by a lioUow vessel of doth* This 
rarefied space may therefore be c<Misidered4» cmisdng 
of a mass of sur of greater levi^ thim atmospheric air* 
It must therefore make an eSon to rise in it* 

SECT. U. 

CHEMICAL EXAMINATION OF ATMOSPHE- 

RIC AIR. 

CHEMISTRY afibrds two genei^l methods of investi- 
gating the constituent parts of bodies, Analysis and Syn- 
thesis ; that both of these mediods can be applied in the 
investigation of the nature of atmospheric air we shall 
endeavour to prove. * 

From some ingenious experiments Lavoisier has de- 
monstrated, as stated already, that the air of our atmos- 
phere is not a simple homogeneous fluid, but consists of 
two elastic aeriform bodies, possessing- very different pro- 
perties ; (Sfc Appendix No. 22.) one of which is capable 
of supporting combustion and animLil life, called oxygen 
gas, and the other is destructive to animals and extinguish- 
es fire, called nitrogen gas. The atmosphere contains 
f^ome other gaseous fluids, or bodies capable of being 
dissolved or suspended in it, but in small quantities. Late 
experiments seem to have proved that a minute quantity 
of carbonic acid is always contained in the air, for alkalies 
become effervescent; strontia, barytic and lime-watei^ 
acquire a pellicle on being exposed a sufficient time to tW 
action of the air, even upon the highest mountains. 
Water is likewise always found in the atmosphere, but the 
quantity of these matters is extremely minute; and experi- 
ments are still wanting to prove satisfactorily that carbonic 
acid gas and water aie always and every where present 
in oar atmosphere. The former constituents must there- 
fore be considered as the two iub^tanccs of which atmos- 
pheric air is composed. 



i^iH^ Jmfy^ of Aimmfhnk Air* 

6f parfttfd hf motfimrft indi wlucb chemiats m «c» 
ywMi the tnaiysU of air can od^he atteaopted by ex- 
pomtb to the actio^of tlwae bodka vhkliliave the 
perty of abstracting its oxygen. The oampn gas being 
s^paraledt th^ ttitv^pcn is latt bthiad, and die proportiaa 
of oiQrgea mvy be asoenaiiied by due diminution of bulk, 
vbi4i anoi known^ k is easy to dotemii&e the eacact re- 
jariyeiiuantityof theconqiantitpatts> 

ANALYSIS OP ATMOSPHERIC AIR. 

EUEAIMENT !• 

Fasten a straight piece of wax taper, about four inches 
long, upon a cork, then take an < inpty wine bottle, and 
hold it by the neck in aa inverted position ; light the 
taper, and introduce it quickly into the mouth of the 
bottle ; push in the cork in order to prevent the entrance 
of any air from without. The flame of the taper will 
bum wen at 6rst, but in a few minutes it will contract^ 
grow dim, and at las( be extinguished- 

If now the taper be quickly withdrawn, die mouth of 
die bottle being closed with the thumb, and the taper 
lighted again and introduced into the botde, it will be 
immediately extinguished* 

On introclttcing the botde in an inverted position into a 
basin of water, and then withdrawing the cork, die water 
win Acend into the botde and fill the place of the air 
which has been lof^t. 

The foUowmg experiment will further illustrate this 
Ikct. 

Experiment II* 

Take a florenpe flask, holding about a pintt put into 
jlthree or four grains of phosphorus, and cork it aSr-tight. 
Having done this, heat it gradually over a lamp. As soon 
as the phosphorus has been heated to a certain degree it 
takes fire, burning with a flame and a dense white smoke; 
but as it soon ceases to bum, heat the vessel again, after 
it has cooled, to try if any more combustion witt tak« 
glace ; lasdy, let the flask cool. 

If the vessel was perfecdy dry» the inside of it will be 
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lined with a white coatings but if it was moist this coating 
will be dissolved into a fluid (phosphoric acid.) 

After every thing has returned to its former tempera- 
ture, plunge the flask inverted under water iuid draw out 
the cork ; the v/ater will asce nd in it : hence a portion o£ 
the air it contained has diaappearcd. 

The water which has risen shows what quantity of air 
has been lost, if its cubic contents be compared with that 
of the whole veneL The portion of air thus vanished 
will in general amount to about one-fifth of the whole that 
had been anbmitted to the experiment. 

If the flask, after the phosphotus was enctosed In it, be 
accurately weired, and again after the combuadon has 
taken place, no difference of weight will be found. 

The water forcedup into the vessel changes the blue 
tincture of cabbagflKe to red j an evident proof of the 
presence of an acjcP^ 

, The remaining air is unfit for burning phosphorus or 
other bodies ; animals are likewise suffocated in it. 

RATioNAL£....Phosphoru8 is a simple body : on being 
heated it analyses the atmospheric air, that is to say, the 
equilibrium of the affinity subsisting between the com« 
pound parts of the air, namely, the oxygen and the nitro- 
gen, is broken, on account of the phosphoms having a : 
greater attractipn for the oxygen than the nitrogen has, it 
therefore unites to it, and becomes by this addition con- 
verted into an acid, called phosphoric acid : the other part 
of the atmosphere remains behind. The light and heat 
which are liberated during the combustion arise both 
from the oxygen gas and the phosphorus. 

Experiment III. 

Take a piece of lead or any other material considera- 
bly heavier than water, fasten into it perpeiidicularly me-» 
tal wires of different lengths ; affix tapers to the extremi- 
ties of these wires, iind place the stand in the middle of a 
flat dish or basin hali iilkd with v/aier. Then light the 
tapers (which should dilTcr in height five or six inches) 
and cover the whole with a tall cylindrical glass receiver. 
The tapers will burn during the first few minutes all alike, 
but after some time the highest one wiU assume a blue 
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colour, and the last be extinguished, and the water in the 
dish will begin to rise ; the next taper in height will then 
burn dull and go out, and the othen will be extinguished 
in succession. The water will rise at the same ^me oon- 
MdemUy up into the q^s* 

RATiONALE»..*The philosophy of this experiment is 
analogous to the former. The burning bodies efiect in 
the confined quantity of atmospheric air a real analysis* 
They absorb the oxygen it contains and divest it of this 
principle, leaving the nitrogen gas behind* . Combusdon 
therefore consists in the absorption of oxygen gas by a 
combusdble body^ the b^is of the osygen bemg abeorbed, 
and the caloric set at liber^* 



SECT. 



KUDIOM£TRY, Olt METHODS Ol ASCERTAINING THE 
PUKITir or ATMOSPHERIC AIB. 



No sooner was the composition of the atmosphere 
known, than it became an inquiry of importance to find 
out a method of ascertaining wilh facility and precision ilit.* 
relative quantity of oxygen gas contained in a given bulk 
of atmospheric air. 

The instruments in which the oxygen gas uf a tk ter- 
mined quantity of air was ascertained, received the naiue 
of EUDIOMETERS, because they were considered as 
measurers of the purity of air. They are however more 
properly called OXYMETERS. 

The eudiometers proposed by different chemists are 
the follbwing : 

1. PRIESTLEY'S EUDIOMETER. 

fu st eudiometer was made in consequence of Dr. 
Priestk) 's discovery, that when nitrous gas is mixed 
w ith atmospheric air over water, the bulk of the mixture 
diminishes rapidly, in consequence of the combination of 
the gas with the oxygen of the air, and the absorption of 
the nitric acid thus formed by the water. 

When nitrous gas is nuxed with nitrogen gas, no dimi- 
nution takes place ; but when it is mixed with oxygen gas 
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in proper proportions, the absorption is complete. Hence 
it IS evident, that in all cases of a mixture of these two 
gases, the dinunution will be pn^rtional to the quaiitif}r 
of the oxy^n. Of course it will indicate the proportioa 
of oxygen m ur ; and hy mixing it with (Ufierent portions 
of ur, it will indicate the different quanthi^s of orjrgen 
which they contain^ provided the component parts of air 
be susceptible of variation* 

Dr. Priestl^s method was to mix together equal 
bulks of air and nitrous gas in a low jar, and then trans- 
ferthe mixture into a narrow graduated g^ass tube about 
three leet long, in order to measure the diminution of 
bulk* He expressed this climlnutioa by the number of 
hundredth parts remaining. Thus, suppose he had mixed 
together equal parts of nitrous gas and air, and that the 
sum total was 200 (or 2»00)|: suppose the residuum whea 
measured in die graduated tube to amount to 104 (or 
1*04>) and of course that 96 parts of the whole had disap- 
peared, he denoted the purity of the air thus tried by 

R£M ARX««*«This mewod of analjrsing air by means of 
nitrous gas is liable to many errors. For the water over < 
which the experiment is made» may contain more or less 
carbonic acid, atmospheric air, or other heterogeneous 
substance. The nitrous gas is not always of the same 
composition, and is ]jartly absorbed by the nitrous acid 
which is formed ; the figure of the vessel and many other 
circumstances are capable of occasioning considerable dif- 
ferences in the results. 

Fontana, Cavendish, Ladriani, Maj^ellan, Von Hum- 
bolt, and Dr. Falconer, have made scries of laborious 
experiments to bring the test of nitrous gas to a state of 
complete accuracy ; but notwithstanding the exertions of 
these philosophers, the methods of analysing air by means 
of nitrous gas are liable to so many anomalies, that we 
think It unnecessary to give a particular description of 
the diiltrent iusti uuients invented by them. 

2. SCHEELE'S EUDIOMETER 

Is merely a graduated glass cylinder, containing a 
given quantity of air, exposed to a mixture of iron filings 
and sulphur fonned into a paste with water. The aub- 
staacea may be made use of in the following manner : 
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Make ft qiun^f of sulphur in powdert and iron filings, 
in|o a paste with water, and place the mixture in a 8aueei\ 
or plate, over water, on a stand raised above the ftuid i 
dien invert over it a graduated bcll-§^aBSt and allow this 
to stand for a day or two. Ihe air contained in the bell- 
ies will gradually diminish, as will appear from the aa* 
oent of the water. 

When no furdier diminution takes place, the vessd con- 
taining the mixture must be removed, and ihe remaining 
air wiU be found to be nitrogen gas, which was contained 
in that quantity of atmospheric air. 

RATiOKAtEMMThe moistened sulphur and iron have 
great affini^ to oxygen ; they auract and separate it from 
the atmospheric air, and the nitrogen gas is left behind ; 
the sulphur during the experiment is converted into sol- 
phuric acid, which unites to the alkali and forms sulphate 
of potash. 

The air which is exposed to moistened iron and sul- 
phur gradually becomes diminished, on account of its 
oxygen combining with a portion of the sulphur which 

ficcomcs converted into sulphuric acid, and its nitrogen 
remains behind. The quantity of oxygen contained in the 

air examined becomes thus obvious, by the diminution of 
bulk which the volume of air submitted to examinatioo 

has undergone. 

Remark. ...The onlv error to which this method is li- 
able, is tliat the sulphuric acid which is formed acts on 
the iron and produces hydroi^en j^^as, which joins to the 
nitrogen remain in i^* after the absorption, and occasions an 
incorrect result ; and hence it is that the absorption 
amounts in general to 0.27 parts, akhough the true quan- 
tity of oxygen is no more than from 0.21 to 0*22« 

3. D£ MARTl'S £UDIOM£T£R. 

De Marti obviated the errors to which die method of 
Scheele was liidble* He availed himself for that purpose 
of a hydrogenated sulphuret, formed by boiling sulphur 
and liquid potash, or lime-wat<r* together. These snb- 
stanceSf when newly prepared, have -the property of ab» 
sorbing a minute portion of nitrogen gas ; but tbey loae 
this property when saturated wt£h that gas^ which is 
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easilv effected by agitating them for a few minutes ia con- 
tact with a small portion of atmospheric air. 

The apparatus is merely a glass tube, ten inches long, 
and rather less than half an inch in diameter, open at one 
end, and hcrmeticallv sealed at the other. The close end 
is divided into ICX) equal parts, having an niterval of one 
line between 6ach division. I'he use of this tube is to mea- 
sure the portion of air to be employed in the experiment. 
The tube is tilled with water, and by allowing the water to 
run out gradually while the tube is inverted, and the open 
end kept shut with the finger, the graduated part is exactly 
filled with air. These hundred parts of air are introduced 
into a glass bottle filled with liquhl sulphuret of lime pre- 
yiously saturated with nitrogen gas^ and capable of Hold* 
ing from two to four times Uie bulk of the air introduced* 
The bottle is then to be closed with a ground glass stopper, 
and agitated for five minutes. After this the stopper is. 
to be withdrawn while the mouth of the phial is under 
water i and for the greater accuracy, it may be closed and 
• agitated again. Lastly, the air is to be again transferred 
to the graduated glass tube, in order to ascertain the di- 
minution of its bulk.* 

4. HUMBOLT'S EUDIOMETER, 

• 

Consists in decomposing a definite quantity of atmos-. 
pheric air by means of the combustion of phosphorus, 
after which the portion of gas which remains must be 

measured. 

Take a glass cylinder closed at the top, and whose capa- 
city must be measured into sufficiently small portions by 
a graduated scale fixed on it. If the instrument be des- 
tined Rolciy for examining atmospheric air, it will be 
sulhcient to apply the scale from the orifice of the cy- 
linder down to about half its length, or to sketch that 
scale on a slip of paper pasted on the outside of the tube, 
and to varnish it over with a transparent varnish. 

This half of the eudiometrical tube is divided into fifty 
equidistant parts, which in this case indicate hundredtii 
parts of the whole capacity of the instrument* 

* jfoum. de Phys. Lll. 
VOL, i. 34 
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iiitb this vessel firll of atmospheric air put a piece of 
dry phosphorus (one grain to every twelve cubic inches} 
close it air-tight and heat it graduaJIyy first the sides near 
th^ bottolh and afterwards £e bottom itself. The phos- 
phorus will take fire and bum rapidly. After every thing 
is told, invert the mouth of the eudiometer-tube into;a 
basin of water or mercury, and withdraw the cork. 
The water will ascend in proportion to the loss of oxygen 
gas the air has sustained, and thus its quantiljr may 
ascertained. 

Analogous to this is 

a. SEGUIN^S EUDIOMETER, 

• Which consists of a glass tube of about one inch in dia- 
meter, and eight or ten inches high, closed at the upper 
eXtrcirui\ . it is filled with mercury, and kept in\ crtLd 
in this ifluid in the mercurial trough. A small bit of 
phosphorus is introduced into it, which, on account of 
its specific gravity being kss than that of mercury, will 
risi^ Up ill it to the lop* The phosphorus is then melted 
by means of a red-hot poker, or burning coal applied to 
the outside of the tube. When the phosphorus is Uqui- 
fied, small portions of sur destined to be examined, and 
which have beeh |)reviousiy liieftsured in a vesJsel grada* 
. ated to the cubic mch or into grains, are introduce into 
^ tNibe. As soon as the air which is sent up reachieii iSxe 
phbsphbntt, a combustion will take place and the mercu- 
ry wiU rise again. Xhefombustion continues till die «nd 
of the operation ; but for the greater exactness, Mh Se- 
guin directs the residuum to be heated strongly* When 
cold, it is introduced into a small vessel,^ whose cajmci^ 
has betn ascertained at the same time as that of the pre-^ 
ceding* The difference of the two volumes gives die 
quantit)' of the oxygen gas contained in the air subjected 
to e^cartiination. 

REMARK...,The objection to which this eudiometer is 
liable will be noticed in the next, which is said to be an 
improvement of this* 

6* BERTHOLET'S EUDIOMETER* 
Instead of the rapid combustion of phosphorus, Ber- 
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tholet has aubatituted its spontaneous combustion, whicfi 
absorbs the oxygen of atmospheric air completely, and 
when the (quantity of air operated on is smfJl, the process 
is aceomphshed in a short time. 

Perthdet's apparatus consists of a narrow graduated 
pdass tube, contaming the air to be examined, into which 
IS introduced a cylinder or sticjc of phqspborus support- 
ed upon a glass rod, while the tube stands inverted in wa* 
ter. The phosphorus should be nearly as long as the 
tube* Immediately after the introduction of Uie phoi^- 
V phorus» white vapours are formed which fill the tubci 
these vapours gradually descend and become absorbed by 
the water. When no more white vapours appear, the 
process is at an end, for all the oxygen gas which was pre- 
sent in the confined quantity of air, has united with the , 
phosphorus ; the residuum is the. quanti^ of nitrogen of 
the air submitted to examination. 

R£MARK....This eudiometer, though excellent of the 
kindy is nevertheless not absolutely to be depended upon ; 
for as soon as the absorption of oxygen is completed, the 
nitrogen gas exercises an action upon the phosphorus, and 
thus its bulk becomes increased. It has been ascertained 
that the volume of nitrogen gas is increased to P'^^t ; 
consequently the bulk of the residuum diminished by ^ 
gives us the bulk of the nitrog-en gas of the air examined; 
which bulk subtracted from the original mass of air, gives 
us the proponion of oxygen gas contained in it. The 
same allowance must be made in the audiometer of Segui^. 

7. DAVY S EUDIOMETER. 

Until very lately the preceding processes were the me- 
'ihous of determining the relative proportions of the two 
gases which compose our atmosphere. 

Some ol Lhese methods, though very ingenious, are so 
extrLinciy slow in their action, that it is diHicult to ascer- 
tain the precise time at which the operation ceases. 
Others have frequcatl) iuvulved inaccuracies not easily 
removed. 

The eudiometer we are now going to describe is not 
only free from these objections, but the result it offers is 
always constant, it requires litde address, and is very ex- 
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pecHtious ; the apparatus is portable, simple, voA conve- 
nient. 

Take a small glass tube graduated into one hundred 
equidistant parts ; fill this tube with the air to be exa- 
inined, and plunge it into a bottle or any other conveni- 
ent vessel, containing a concentrated solution of green 
muriate or sulphate of iron» strongly impregnated with 
nitrous gas. All that is necessary to be done is to move 
the tube in the solution a little backwards and forwards ; 
. under these circumstances the oxygen gas contained in the 
air will be rapidly absorbed ; and condensed by the ni- 
trous gas in the solution, in the form of nitrous acid. 

N. B. The state of the greatest absorption must be 
marked, as the mixture afterwards emits a little gas which 
would alter the result. 

This circumstance depends upon the s1nw decomposi- 
tion of the nitrous acid fformed during the experiment) 
by the green oxvd ot iron, and the consequent production 
of a small quantity of aeriform fluid (chiefly nitrous gas) 
which having no affinity with the red muriate, or sulphate 
of iron, produced !)y the combination ui oxygen, is gra- 
dually evolved, and mingled with the residual nitrogen 
gas. 

The impregnated solution with green muriate is more 
rapid in its operation than the solution with green sulphate. 
In cases when these salts cannot be obtained in a state of 
absolute purit\-, the common sulphate of iron of commerce 
may be emplo) ed. One cubic inch of moderately strong 
impregnated solution is capable of absorbing live or bix 
cubic inches of oxygen in common processes ; but the 
same quantity must never be employed for more than one 
experiment* 

, ^ GEXKKAL REMARKS. 

In all these different methods of analysing air, it is ne- 
cessary to operate on air of a determinate densityt * and to 
. .take care that the residuum be neither more condensed 
nor dilated than the air was when £rst operated on. If 
these things are not attended to, no dependence whatever 
can be placed upon the result of the experiments, how 
carefully soever they may have been performed. It is 

• Hence the necessity of noting the state of the barometer and ther- 
nometer. T« C. 
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therefore necessary to place the air before and after the 
exam illation into water of the s:ime temperature. If this 
and several other little rir? innst mres have been attended 
to, for instance a change in the height of the barometer, 
&c. we find that air is composed of 0.22 of oxygen g:is, 
and O.rs of nitrogen gas by bulk. But as the weight of 
these two gases is not exactly the same, the proportion of 
the component parts by weight will differ a litiie for as 
the specific gravity of oxygen gas is to that of nitrogen gas 
as 135 : 1 15, it follows that 100 parts of air are compos- 
ed bi^ weight of al>out 

74 nitrogen gas 

26 oxygen gas 

100 

'Die air of this metropolis, examined by means of Da- 
vy's eudiometer, I found in all the different seasons of the 
year to contain 0.21 of oxygen ; and the 6ame was the case 
with air taken at IsItngCon and Highgate, in the sotitary 
cells in Cold-bath-fields prison, on me River Thames, and 
at Brighton. But the quanti^ of water contained in a 
given bulk of air from these places differed considerably. 

Having thus ascertained the nature and the proportion 
of the component parts of air, it remains only to inquire 
in what manner these component parts are united* Are 
they merely mixed together mechanically, or are they 
combined chemically ? Is air a mechanical mixture or a 
chemical compound ? Philosophers seem at first to have 
adopted the former of these opinions, if we except Scheele, 
who always considered air as a chemical compound. But 
the supposition that air is a mechanical mixture, by no 
means agrees with the phenomena which it exhibits. If 
the two gases were only mixed together, as their specific 
gravity is different, it is scarcely possible that they would 
be uniformly mixed in every part of the atmosphere* 
Since therefore air is in all places composed of the same 
ingredients, exactly in the same proportions, it follows 
that its component parts are not only mixed, but actually 
combined.* When substances differing in specific gravity 
combine together, the specific gravity of the compound is 

* For tlie specific naviw of om«n is to that of nitrogeiif as 1.103. 
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usually greater liiaii the v^tcmu This holds good also 



amounts <aly to 0.00119, whereas it actually is a0012« 
Wemuittherefore consider airas a chemical compound. 
Hence the reason that it is iu all cases the same, notwith- 
standing the numerous decomposing processes to which 
it is subjected^ The breathing of animals^ combustion^ 
and a thousand other operationsy sre constantly abstract- 
ing its oxygen, and decomposing it. • The air thus decom- 
posed or vitiated, no doubt, ascends in the atmosphere, 
and is again, by some unknown process, re-converted in- 
to atmospheric air. But the nature of these changes is 
at present concealed under an impenetrable veiL* 

* Atmospheric ftir supports life and combustion by means of its oxy- 
t n When inspired, a part of the oxygtrn is absorbed by the blood* and 
u jiart converted into carbonic acid by the carbon given out from the 
blood. A tmosphesie air is abioibed by water, fraffi vbisb it eaa bs 



with respect to air. 
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CARBONIC AGID GAS. 

1 



PART XIX 



6ECT. I. 



CARBONIC acid gas is the first ela«5t!C aerilorm fluid 
that was known. We find that the ancients were lu somr 

™«a8ure acquainted with it. Vim Hchnunt called it the 
gte of Mmtf or of the vintage, or ^as syhestre, 

W« are indebted to Dr. Black of Edinburjrh for the 
knowledge of some of the most remarkable properties ol 
Uus fluid* In the year 17S5 ht discovered tlu affinity 
betweei^ this gas and die alkalies : and Bergman, in i r 72, 
proyedthat it wasanactd. 



PKOPERTIfiS Qf CARBONIC AtaD GAS. 



Ca^cmic acid gas isiaviiiblew It extinguishes fiame. 
It IS fatal to aniDrfl tife. Itdxerts powerful effects on 
hymg vegetables. Itstastc Is pungwit and acid. Its ener- 
an acid, is but feeble, aldiou^ distinct and cci tarn. 
Neidier light nor caloric seems to produce any distinct ef- 
fectopcmi^ except that the latter dUates it. It mixes 
without combining w^^ oxygen gas. It unites With water 
slow^. / These two fluids, after coosidctahlc agitation, 
at Wt eonabine^ and form a 8ub*aeid fluid. The colder 
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water, and the greater the pressure applied, the more 
carbonic acid gas will be absorbed. The water impreg* 
* gated with it sparkles upon agitation ; it has a pungent, 
acidulous taste, and reddens tincture of litmus. Heat 

again disengages the gas from the water. This gas pre- 
cipitates lime, strontia, and barvtes, from their solutions 
in water. It is greedily attracted by all the alkalies. It 
undergoes no alteration by light. Its specific weir^ht is 
to that of atmospheric air as 1500 to 1000. It may be 
poured out of one vessel into another. It is not acted 
upon hv oxvgen, nor is it altered by any of the simple, 
cnmbiistible bodies at common 'temperatures ; hut phos- 
phorus^ iron, and lime, are, capable of decomposing it 
when assisted by heat. \ ■ 

METHODS OF OBTAINING CARBONIC 

ACID GAS« 

Of all the gases, carbonic acid gas is that, perhaps, 
which is diffused in the greatest abundance throughout 
nature. It is found, in three diflereut states : Ist, In that 
of gas ; 2r////, In that of mixture ; and Zdhu In that of 
combination. The various processes of obtaming it are 
the following : ... 

1. Pui into a common gas-bottle, or retort, a little 
marble, chalk, or lime-stone, and pour on it sulphuric 
acid, diluted with about six times its weight of water ; an 
effervescence will ensue, and carbonic acid gas will be li- 
berated^ which those who have an opportunity may col* 
lect over mercury ; but a mercurial apparatus is not. ab- 
solutely necessary, since the gas may be cdlected over 
water, if it is to be used immeduitely when procured. 

RATiONALEf.Xn this instance the carbonic acid is dis- 
engaged from the state of combination, and reduced to 
the aerifona state of gas. The marble, lime-stone, >or 
chalk, consists of this acid and lime i^n presenting to it 
solpliunc acid, a decomposition takes place : the .sti^hu- 
ric acid has a greater affinity to the lime than the cacbonic 
add has ; it therefore unites to it, and forms sulphate of 
lime,- disengaging at the same ttnie the carbonic actd in 
the state of gas at the temperature of our atmosphere. 

RsM AiiK....Carbonic acid gas may in this manner be 
diaengaged from ail its combinations with alkalies i by 
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using iadifierently any other dense acid, possessing^ a 
superior affinity to the alkali in the oonunon acceptation 
of the word* 

SI* It may likewise be obtained from the same subataa-' 
ces by the action of caloric 

' For this purpose reduce maihle or chalk to powder, 
introduce it into a gun barrel, which must be placed across 
the universal furnace, adapt a bent tube to its lower ex» 
tremity, and insert it below a receiver in the pneumatic 
apparatus* Maintain a strong heat till the barrd is 
brought to a state of ignition, and at that temperature 
carbonic acid gas will be liberated in abundance. 

Ration ALE«.«. In this case a decomposition of the mar- 
ble or carbonate of lime takes place, on account of the 
action of caloric, which at a high teniperature breaks the 
affinity of the carbonic acid and lime ; it unites with the 
first, and leaves the lime behind in that state which is 
generally called quick lime. 

3. Carbonic acid gas may also be obtained bv burning 
charcoal in oxygen gas. V^v have already mentioned this, 
but we shall here gh-c directions how it is best effected. 

Take a bell glass, filled w ith oxygen gas, resting inverted 
in a basin ol mercury ; pass up into it some bits of new 
made charcoal, with some touch paper affixed to them; 
set fire to them by means of a lens collecting the sun's 
rays, and carbonic acid will be produced by the combus« 
tion of the charcoal. 

The rationale of this experiment has been given, page 
230. 

Carbonic acid gas is often found occupying the lower 
parts of mines, caverns, tdmbs, and such other subterra- 
neous places as contain nnutrials for producing it. It is 
called choke, or chalk damp. Hit grotto del Cane, near 
Naples, has long been famous for the quantity of carbonic 
acid gas produced there, which runs out at the opening 
like a stream of water. The quantity of carbonic acid 
gas generated in this cavern is so great, that a dog or any 
other animal is imme^atefy* killed if his nose be thrust 
into it.* 

• But as by its weiplit it does not rise speedily, a man's head is above 
it, andthereibre Uumgii a dug w Ai be effected by it in that grotto^ a mai) 
wiUnotbjiSerely ^oing: in. . T«C* IP 
vol. I. 35 
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The carbonic acid, existin;^ naturally In a state of gas, 
mav Ijc collcLted by filling bottles with water and empty- 
ing th(rm in tht atmosphere of this gas ; the gas takes the 
place oi the water, and £Us tlie botUes, which must then 
be corked. 

Carbonic acid gas is likewise formed during fermenta- 
tion ; on account oi its great weight, it occupies the appa- 
rently empty space, or upper part of the vessel in wliich 
the fermenting process is going on. It may in this case 
be collected in a manner similar to that abuve. 

Carbonic acid gas is also obtained during respiration, 
during the reduction of metalhc oxyds, and during the 
deflagration of nitrates with combustible bodies, as shall 
be noticed in another part of this work. 

It contains 12 parts carbon, 34 parts oxygen. 

SECT. n. 

» 

£XP£KI]MKNTAL PROOFS OF THE PROPER- 
TIES OF CARBONIC ACID GAS. 

£ZP£RIMENT L 

Carbonic acid gas is unfit for combustion. 

To prove this, set a vessel filled with this gas with its 
mouth upwards, and let down a lighted candle ; the candle 
will he immediately extinguished, and the smoke remain- 
ing In the gns will render its surface visible, which by agi- 
tation ma) be fihrown into undulating waves. 

The following experiment will show this property in a 
pleasing manner. 

£xP£aiH£NT II. 

Take three glass tubes, of equal heights, and fill the 
first with atmospheric air, the second with carbonic acid 
gas, and tlie third with oxygen gas ; plunge successively, 
and with swiftness, a lighted taper into these three tubes ; 
first into that containing atraosplu ric air, then into the 
ttibe^lled \viLii carbonic acid gas, and lastly into that hiled 
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with oxygen gas. In the tube filled with atmospheric air, 
the taper will burn with its usual brightness ; in that filled 
with carbonic acid gas, the flame will be suddenly extin- 
guished, but the glowing wtck will be re-lighted in the 
tube coDtaiii^g ;.oiygeii ^s, and burn with a dazzling 
splendour* 

RATioKAt.E.M.11u8 eiqieriiiieiit confirms a fiu:t already 
estabUsbed ; namely, that oxygen gas is mucK fitter for 
combustion than atmo^heric air ; and is also a most coni* 
plete proof that carbonic acid gas extinguishes light. 

REMAEKo«.Thi8 property of carbonic acid gas may be 
advahtageously made use of to learn whether the air in a 
newly sunk wellf in subterraneous caverns, pits, minesf 
' vauTO, cellars, and the like, may be approached without 
danger* 

EXPXRIHEWT III. 

Carbonic acid gas is fatal to animal life* 

Put a mouse or other small animal into a vessel filled 
with this gas, and cover the vessel, to prevent the contact 
of atmospheric air. The animal will die in a minute or 
two- 

REUARx*«**It is this gas which has produced so many 
§BtaSL acddents, at die opening of cellars or vatdts, in which 
wine, cider, or beer, Ims been suffered to ferment* 

The famous lake of Avemo, where Virgil placed the > 
^entrance of hell, j^lelds so large a quanuty of carbonic 
/ acid gas, that biids cannot fly close over it widi impunity* 

Experiment IV* 

CarbomDoadgm ia kearier than atmospheric ear** 

Let a lonj[^ glass tube proceeding from a gas-bottle in 
which carlxjnic acid gas is disengaging be twice bent at 
right angles. Let the open end of the longest leg reach 
to the bottom of u jar, perfectly dry within, and standing 
with its mouth uppermost. The carbonic acid disengaged 
will expel the atmospheric air from the jar, on account of 
Its greater specific gravity. When the jar is filled with 
the gas (which may be known by a lighted candle being 

* Atmospheric air being 1^ carbonic acid gfts according to Bioi and 
Aiago, is 1,5196. T. 
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instantly extinguished in it a little below the brim) take 
another jar oi rather a smaller size, and place at the bot- 
tom of it a lighted taper or a small anim il, and pour the 
invisible contents of the first jar into the second (in the 
aame manner as if water was poured) the candle will be 
immediately extinguished, or the animal will die ; though 
the eye is incapable of perceiving any thing poured upon 
^em capable of producing this effect* 

Experiment V. 

Carhontc acid gas is absorbable by water. 
(See Appendix No. 24.) 

Fill a jar partly with this gas, and let it stand for some 
hours over water i an absorption will gradually take place, 
till at last none of the gas remains* If this be repeated, 
widi this difference, that the jar be shaken strongly, a very 
rapid diminution will take place. 

Rbiiark«m« Water may be charged with upwards of 
ihree times its own bulk of carbonic acid g^, if pressure 
be applied. The water thus impregnated has a veiy brisk 
and pleasant taste^ Various kinds of apparatus are em- 
ployed for this pui^se* A machine has been invented by 
br. Nooth, and improved by Parker and Magellan, 
which is ccmveaient and ingenious ; but it is impossible 
to imprecate water by its means with more than half its 
own bulk of carbonic acid gas. The valve of this ma- 
chine is the most defective, and renders it extremely apt to 
break : for the capillary tube does not admit the air through 
\U unless there be a ronsiderable quantity condensed in the 
lower vessel, and the condensation is apt to burst the ves- 
sel. Other apparatus, more simple, have been invented 
by different persons, descriptions of which may he found 
in Scherer's Journal der Chimie ; in the Transactions of 
the Manchester Philosophical Society ; and in Bouillon 
La Grange's Manual of Chemistry, vol. I, p. 93. 

Cider, perry, ale, champaign, &c. owe their brislness 
to the carbonic acid gas which thev contain, and which 
becomes rapidly disengaged in order to assume the gase- 
ous form, on removing the cork of the bottle ; it is this 
also which produces froth, &c. 



I 
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£XPEIIIME]IT VL 

Carbomc wkdgM when combined with mUerfoss^ei ofiif 

properties* 

This may be shown by dipping into water saturated 
with carbonic acitl gas a piece of litmiis paper, or by mix- 
ing with it about an equal quantity of infusion of cabbage. 
The blue colour of the paper or infusion will be phai^d 
to red. 

EZVBUIMBIIT VIL 

Garhomc addgae precipitates Bme^ hanftic^ and strontia 

xmOer. 

Let the stream of carbonic acid gas, as it proceeds from 
the disengaging vessel, pass into either of these solutions, 
the fluid, though perfectly transparent before, will instant- 
ly grow turbid, and carbonate of lime, barytes, or suon- 
tia, will be formed. 

If equal measures of water impregnated with carbonic 
acid gas, and either of the above solutions be mixed, a 
similar effect will be produced* 

Experiment VIII. 

Carbonic acid ^as exerts powerful effects m Hving 

vegetables* 

Water impregnated with carbonic acid gas proves 
highly nutritive, when applied to the roots of plants. 
But, on the contrary, carbonic acid gas applied as an at- 
mosphere, by confining living vegetables in it, proves in- 
jurious? to the health of the plants, especially in the shade. 

This may be proved by confining a small plant in a 
vessel filled with the gas. The plant will soon decay and 
die. 

Rationale. ...In the first case, where water is present, 
the carl)onic acid is decomposed, the carbonaceous prin- 
ciple fixes itself into the vegetable, becomnig a compo- 
nent part of it, the oxygen which held the carbon in solu- 
tion is therefore disengaged in a gaseous state. .la the 
latter instance no such effect takes place. 
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Carbonie acid gas is rapidly absorhed by aSka&es^ and al" 

SaRne earthsm 

Fill a tube with this gas over water, and when full in- 
vert it in a cup containing a concentrated solution of pot- 
ash, or any other alkali ; the solution will rise in the tube, 
and if the gas be very pure will fill it entirely* 

RATioNALE...«This absorption of the gas is owing to 
the alkali uniting with the carbonic acid gas, and forming 
with it a saline compound* called carbonate of potash** 

* It unites and forms neutralialts ivitfa tltt sUaOkflb the alk^^ 
and moet mstAU. T. C 
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PART XX. 



8BCT. I. 

It was mentioned before that hydrogen gas has the 
property of dissolving various substances in mtnate quan* 
titles, such as carbon, sulphur^ phosphorus, &c* The na- 
ture of the gas now under consideratioo furnishes an in- 
stance of this kind. Light carbonated hydrogen gas is 
hydrogen gas holding charcoal in solution. There are 
several combinations of this kind of gas obtained by dif- 
ferent processeSf whic)^ difier in their properties, and in 
the proportion their constituent principles. . 

PROPERTIES OF LIGHT CARBONATED 

HYDROGEN GAS. 

• 

Light caihmated hydrogen gas has a fetid odour. It is 
neither absorbed nor idtered by water. It is inflammable, 
and bums with a denser and deeper coloured flame than 
h)'drogen gas. It is unalterable by acids or alkalies, and 
by water. Its specific gravity is greater than that of hy- 
dro^ gas, or that of common air. Its combustion with 
a due proportion of oxygen gas is productive of water and 
caibomc acid. When passed through melted sulphur, it 
becomes converted into sulphurated hydrogen gas, and 
charcoal is deposited. Electnzation dilates it permanendy 
to a little more than twice its original bulk. The air thu» 
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expanded requires ii greater quantity of oxygen to decom- 
pose it than the same quantity of gas not dilated by elec- 
tricity ; 100 cubic inches of pure carbonated hydrogen 
gas vvei^h from 16 to 21 grains. 

METHODS OF OBTAINING LIGHT CARBON- 
ATED HYDROG£N GAS. 

Light carbonated hydrogen gas may be obtained from 
animal, vegetable, or mineral substantias. Nature pro- 
duces it ready formed in marshes and ditc he s, on tht sur- 
face of putrid water, in burving places, common sewers, 
and in those situations where putrid animal and vejreta- 
ble matters are accumulated. It is also generated in the 
intestinal canal of livinpf animals. 

1. Light c'lrhonated hydrogen gas may be plentitully 
procured from most stagnant waters : to do this fill a 
wide mouthed bottle with the water, and keep it inverted 
therein, with a funnel in its neck : then with a stick stir 
the mud at the bottom just under th^' funnel in the bot- 
de, so as to let the bubbles of air which rise from the mud 
enter into the bottle ,* when, l)\ tlius stirring the mud in 
various places, and catching the air in the botde, it is fill- 
ed, it must be corked under water. 

2. It may also be ol)tained duriinj; the distillation of ani- 
mal and vegetable matters. Fur ir.stance. 

Let shavings of wood or saw-dust be put into a retort, 
jiul begin the distillation with a gentle heat, increasing it 
gradually till the retort becomes red hot; a great quantity 
of gas will be liberated, which may he caught over water.* 
On examining this gas, it will be found to consist of car- 
bonic acid gaa and carbonated hydrogen gas. In order to 
obtain the latter in a state of purity^ the whole must be 
mixed with time water, or with a caustic alkaline soludon* 
The carbonic acid gas will be absorbed* and the carbona- 
ted hydrogen gas left behind in a pure state* 

RATioMALE^M.The production of this gas in this man* 
ner is the result of a partial analysis of the wood : it proves 
that wood contains soUd hydrogen, carbon» and oxygen* 
When the intensity of the heat has reached a certain 
degree^ a part of the charcoal unites with part of the 
oxygen, and produces catbonic acid» which by means of 

' T procnrc'f! 13 qnnrts ( r !:!::is from 4 ounces of pine saw dust; «Jid 
about 19 ^uu'te trom 4 ounceti of jUvexpool coaL T. C. 
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caloric Is mdted into the gaseous state, and forms caibo- 
nic acid gas ; at the same time, a pan of the hydrogen of 
the wood combines with another portion of carbon and 
caloric, and forms carbonated hydrogen gas. 

RsKARK.*.«The flame of burning wood, he* is the in- 
flamed carbonated hydrogen gas, liberated on the applica* 
tion of caloric to such bodies. 

d« Charcoal is in general made use of for obtaining 
light carbonated h3rdrogen gas. For this purpose, put 
some moistened charcoal into an earthen retort, apply 
heati and increase it till the retort becomes ignited ; gas 
will be evolved, consisting partly of carix>iuc acid gas, and 
partly of light carbonated hydrogen gas, which may be 
Separated as before. 

R ATiONALS.«»In this case a decomposition of the water, 
takes place, by means of the charcoal. The oxygen for- 
sakes its hydrogen^ and unites to part of the charcoal at 
this temperature, and forms carbonic acid gas, in conjunc- 
tion with caloric ; the liberated hydrogen, assisted by 
caloric, dissolves another portion of the charcoal, and 
forms with it light carbonated hydrogen gas. 

4. IJj^ht carbonated hydrogen gas may be formed in a 
direct in;rnner by dissolving charcoal m hydrogen gas. 
This may be effected by dii ecting the lays of the sim, 
collected in the focus of a mirror, upon a sin:ill piece of 
charcoal placed on mercury^ in a receiver £lled with by* 
drogen gas* 

SECT. n. - 

EXPERIMENTAL PROOFS OF THE PRO- 
PERTIES OF LIGHT CARBONATED 
HYDROGEN OAS. 

EzPERiHEirr L 
Light carbonated hydrogen gas is in^ammabicm 

This may be shown by Ming a tumbl^» or any wide* 
mouthed vessel, with this gas, and setting lire to* it, by 
means of a lighted t^r* It may likewise be shown by 
burning it in the manner directed for burning hydrogen 
gas. The colour of the flame of this gas is of a deeper 
blue than that of hjfdrogen gas* 

rou I* 36 * 
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Experiment IL 

■ 

Light carbonated hydrogen gas is heavier than hydrogen. 

gas. 

Soap bubbles blown in it do not ascend like those filled 
with hydrogen gas, but descend like those filled widi 
common air. Ajar filled with carbonated hydrogen gas, 
held inverted for a few minute's, exchanges its content^ 
for common sdr* 

EXPRRTMENT IIL 

Decomposition of light carbonated hydrogen gaSy by jneans 

of oxygen gas, 

Mr. Cruik shank found (Nicholson's Journal, April, 
1801) that six measures of carbonated hydrogen gas ob- 
tained from moisteibcd charcoal, when mixed with four 
of pure oxygen gas, over mercury, exploded violently by 
the electric spark, and became augmented to 12jmeasure89 
or that there was an increase of 2^ measures ncarlv. On 
admitting lime-water, the volume dimiiiished rather more 
than Uvo measures ; the rt-sichic amounted to 10'^, on 
whic h nitrous gns had no t lTcct. Two measures of the 
resichiar\ '^;i.s fired with one of ox\ gtn became reduced to 
one, which was carbonic acid gas. Hence the whole re* 
siduarv gas would require about 5\ measures of oxvgen to 
saturate it, aud produce ^ measures of carbonic acid gas. 

Experiment IV» 

Decomposition of light carbonated hydrogen gas y by means 
of oxygenated muriatic acid gas. 

The effects of the oxygenized muriattc acid gas upon 
all the hydro-carbonates is remarkable. Mr. Cruikshank 
observed, that if the pure oxygenized muriatic acid gas 
be mixed with these kinds of gases over water, although 
no action should be perceptible at first, yet in twenty-four 
hours a complete decomposition and change of principles 
takes place. 

For instance, introduce into a bottle filled with and in- 
verted over water on&oneasure of pure hght carbonated 
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hydrogen gas well washed, mixed with two measures o£ 
fresh-prepared pure oxygetiizi d inurintir acid gas. On 
the first contact of the ()x^ genizrd muriatic acid f^as, a 
white cloud and some diminution will be perceived, which 
will soon cease. The hottle must then be stopped, and 
suffered to remain inverted in water for about twenty-four 
hours. If the bottle be then uncorked under water, this 
fluid will instantly ascend into it, and the gas will occupy 
about .43 parts of a measure, the diminution being 2.57 
measures. On mixing the residuary g;is wuh lime-water, 
.09 ])urts more become absorbed. 

]v A i ION ALE. ...The results obtained in this experiment 
w ith the pure light carbonated hydrogen gas are very easi- 
ly understood ; for it is evident that the oxygenized mu- 
riatic acid gas gives out its excess of oxygen to the carbon 
and hydrogen of the inflammable gas from a superior af- 
finity ; in consequence of which, we have no less than four 
new compounds. Part of the oxygen of the oxygenized 
muriatic acid gas joins to the hydrogen of the caibonated 
' hydrogen gas, and forms water ; another part unites to the 
charcoal, and produces carbonic acid gas ; a still less quau- 
tity combines with another portion of chatcoal, and forma 
gaseous oxyd of carbon ; and the oxygenized muriatic acid 
gas, by thus losbg its excess of oxygen, becomes convert- 
ed into simple muriauc a6id gas* 

Rem A RK*... According to Mr* Cruikshank's experi- 
ments, 100 cubic inches of light carbonated hydrogen gas, 
obtained from wetted charcoal, weighed 14*5 grains; 
they required 66 cubic inches (22.4 grains) of oxygen to 
saturate them. The compound yielded 40 cubic inches 
(19 grains) of carbonic acid, and nine grains of water* 
Hence this gas consists of nearly 4 ef ciurbf ni 1*3 ef hyr 
drogen> and 9 of water* 
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SECT. I. 



THIS gas \m first brought into notice by a society of 
Dutch chemists, consisting of Deiman, Troostwyk, Bond| 
and X^aurenburgh. Thepr observed in this gas the particu- 
lar property, that when it was ccMnbined with oxygenated 
muriatic acid gas in a certain proportion the elastic form 
of both fluids became destroyed, and an oil was produced j 
for which reason they called it okfimt gaa* 

PROPERTIES OF HEAVY CARBONATED 
HYDROGEN GAS. 

Heavy caibonated hydrogen gas is not absorbed or 
altered by water* Its weight compared with-comnion air 
is as 909 to 1000. It has a disagreeable fetid odour, dif- 
ferent from that of light carbonated hydrogen gas* It 
bums with a strong compact flame, similar to that of a 
resinous oiL When mixed with oxygenized muriatic acid 
gas its bulk is diminished, and an oil is formed* When 
the mixture of these two gases is fired, a quantity of char- 
coal is immediately deposited in the form of fine soot* 
Sulphuric, sulphureous, nitric, nitrous, and muriatic acids 
do not act upon it ; neither does nitrous gas, nor any of 
the fixed alksd^es* Ammonia adds to its volume without 



occasioning any other clian^re. Pho'^phorus heated in it 
even to fusion does not afFcct it. When made to pass 
through an ignited glas tube, it does not diminish in vo- 
lume, but loses the property of forming oil -with oxygen- 
ized muriatic acid gas. Electric shocks passed through 
it dilate, and likewise deprive It of this property. When 
passed through an ignited porcelain tube, it affords hydro- 
gen gas, mingled with carbonic acid, and carbon is depo- 
sited. When passed through a tube with sulphur in fu- 
sion, sulphurated hydrogen gas is obtained, and charcoal 
deposited. When burnt with oxygen gas, or when passed 
through a red-hot tube filled with oxyd of manganese, 
carbonic acid gas is formed. 

METHODS OF OBTAINING HEAVY CAR- 
BONATED, {iYDROGEN GAS. 

Heavy cailxmated hydrogen gas is obcftined by decom- 
posing slcohol by sulphuric acid at high l^emperatures* 
It is also obtained in abundance when akohol or ether is 
passed through a red-hot earthen tube. Sulphuric ether^ 
mixed with sulphuric acid, and subjected to heat, als9 
affpcds it» but in a less pure state. 

The Dutch chemists observed, that if the vapour of 
ardent spirit or ether be made to pass through a glass 
tube, over the component parts of the earweja tubei 
namely, alumine and silex, this gas was also produced!, 
or by passhag it through a red-hot tube of pipe-clay. 

Ii^ order to obtain ^lis gas, the loUpwing method may 
serve : 

Let four parts by weight of concentrated sulphuric acid 
and one of highly rectified ardent{Spirit be mingled togethefr 
gradually in a glass retort, heat will be developed, the mi^p- 
ture will become brown, and heavy carbonated hydrogen 
gas will be extricated by the application of heat. When 
a moderate heat is applied, the action is very violent, and 
the gas is liberated very copiously, and may be received 
over water. 

The gas obtained is always mixed with a considerable 
quantity of sulphureous acid gas, from which it may be 
freed by agitating it in contact with lime-water, or a solu- 
tion of potash* 
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Rem ARK. ...in this operation the heat ought to be re- 
gulated Aviih great care, and the retort holding tlie mix- 
ture ought to be very capacious, othf-rwist- the mnttcr 
will be forced over into the receiver.. , Xh^.heat ol a cau- 
dle or lamp is sufficient. 

NuiTit'ii)Us experiments by difTcrcnt chemists have 
proved, dial this species ui carhonaied hydrogen gas con- 
tains a larger quantity oi carbon in solution than dn ior- 
mer. This becomes obvious fronn the gas losm;; the 
property ot loniiiug oil, by being made to pass through 
an ignited tube ; ibr it then deposits charcoal, and becomes 
converted into light carbonated hydrogen gas. 

The Dutch philosophers suppose, that the disposition 
to form oil ( cp.nds on the pruxunity ot die conslitaent 
molcLUi.c of the gas ; and the loss of this property they 
suppose to be ow ing to the separation of these moleculae^ 
by the introduction of a greater quantity of caloric. 

Heavy carbonated hydrogen gas, they say, is converted 
into light bivbdliated hydrogen gas whenever a process is 
executed ti^h'fch increases the distance sobsisting between 
its component parts* In this way the attraction betveeen 
die particles of the hydroge^i' and- carbon is diminished^ 
which happens whenever the gas'is made to pass through 
ignited tubes^ capable of acquiring a^hi^ temperature, or 
by strongly electrifying it. 

^ £ither heavy or light carbonated hydrogen g:is may 
dierefore be obtained indiscriminately from the same sut^ 
stances, namely ether or ardent spirit. Their difference 
arises from difibrent methods of treating these fluids, 
and is constantly reducible to this ; that in forming the 
first gas a less (^[uantity of caloric acts upon the mass, and 
a compound is -formed, in which the hydrogen and char- 
coal are more concentrated, and more disposed to form 
oil by the addition of oxygen ; whereas by more strongly 
heating the ardent spirit or ether, they become more 
completely decomposed; their constituent parts are tie* 
moved to a greater distance, by a greater proportion df 
•caloric being introduced between them j and the simid- 
taneous attraction, which might be disposed. to form oil 
with oxy gen, is so far diminished, that they are no longer 
capable of that transition, therefore no oil can be formed. 

Hence we perceive, liki wise, why the specific gravity 
of the heavy carlionated hydrogen gas, when it loses its 
property of iormiug oil, becomes diminished. 



Digitized by Google 



' Heannf earhmated Hydrogen Gob* 287 

Wc do ii6f however agree with the Dutch chemists, 
that either the alumine, silex, or earthen tube serves to 
form this gas, as they assert, while glass tuV)es only afford 
the common carbonated hydrogen gas. These diiiereiit 
effects certainly do not arise from the causes which are as- 
signed to them. They seem to arise from a leas degree 
of heat having been applied in aU the cases where the 
heavy carbonated hydrogen gas was produced, and ^, 
greater degree in all those which present the light car- 
bonated hyrt Imogen gas# 

Mr. Nicholson observed,^ that when ardent spirit is 
burnt in the lamp of Argand, and iht lower aperture or 
air passage of the lamp is kept open, the fl ime of the 
spirit is as usual faint and bluish, resem!)rnig that of car- 
bonated hydroj^en gas ; but if the air passage be obstructed, 
by slowly applying the palm of the hand, or any more 
suitable obstacle, the flame becomes more and more lu- 
minous, like that of oil, until in the progress of obstruction 
the aperture is so much closed that the combustion begins 
to decav for M'ant of air. By a proper adjustment of the 
aperture, the spirit may be made to burn with a constant 
luminous white internal flame. In this case the tempera- 
ture IS precisely such as to produce the olciiuiit gus. 



SECT. n. • 



EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF HEAVY CARBONATED HYDRO- 
GEN GAS. 

The properties of this gas t>eing similar to those of the 
other hydxo-carbohates, it is unnecessary to exhibit expe^ 
rimental proofs of them ; those already advanced under 
the head of light carbonated hydrogen gas will explain 
them all, with the exception of its characteristic property 
of producing oil with oxygenized muriatic acid gas, which 
shall be inserted here, with a few other interesting rc-^ 
marks* 

^ Joanna •fKttmalFhiksophy^lcc. Msy^ 1797;p. 55. 
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£XP£RIM£NT I. . 

Froduction of oil by the mixture of heavy carbonated hy^ 
dro^n gas xmth oxygenated muriatic acid gas. 

Take a glass tube, send up into it three parts of fresh 
prepared heavy carbonated hydrogen gas, and add to it 
^duAlly four parts of fresh prepared oxygenized muriatic 
acid gas. After each addition of the gas, shake^he mix- 
tui< I Ml absorption will tak« place, caloric wiU be liber- 
ated, and the tube will become filled with white vapours; 
When the gases haire totally disappeared, an oil of a peari 
gray colour will be deposited* 

This oil is heavier than water, its odour is agreeable 
and penetratbg, its taste is rather sweet ; it becomes yel* 
low by exposure to air* 

Experiment II. 

CmiWFmn ^ htei^y car^MOtitd hydrogen gM into iight 
carbonated hydrogen by comibmHsm VfWi oxygen ga»m 

Let equal parts of fresh prepared heavy carbonated 
hydrogen gas and oxygen gas be mingled together in a 
detonating tube, and a spark be passed through it, a mo- 
mentary expansion will take place, the tube will become 
lined with a fine black soot of charcoal* and the heavy 
carbonated h}'drogen gas will thus be converted into lig^ 
carbonated hydrogen gas. 

Mr. Cruikshank found that 100 cubic inches of carbo* 
nated hydrogen gas, obtained from alcohol, weighed 16 
prains : it required 118 cubic inches of oxygen to saturate 
lU ^nd produced 7S cubic niches of carbonic acid* This 
gas therefore consists of 7 carbon, 1*9 hydrogen, and 7 
water. 

The same quantit}^ of gas obtained from ether weighed 
20 grains : it required for saturation 170 cubic inches of 
oxygen, and produced 108 of carbonic acid. Hence this 
gas consisted of 9 tarbon, 3 hydrogen, and 8 water. 

One hundred cubic inclies of carbonated hydrogen gas, 
obtained from cnmpiior, weighed 21 grains. They con- 
sumed 176 cubic uiclu:s of oxygen^ and produced 116 of 
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carbonic acid ; this g-as consisted therefore of 11 carbOD) 
2 4- hycirogen, and 8 or 9 of water. 

In the preceding estimate, the weight of 100 cubic 
inches of common air, under the mean pressure of the 
atmosphere, and at the temperature of 55®, is estimated 
at 31 grains. The quantity of carbon in carbonic acid at 
•J of the whole nearly, and the proportion of oxygen to 
hydrogen in water as about 85 to 15. 

From the result of these experiments we perceive that 
tiie carbonated hydrogen gases obtained from various sub- 
stances differ in their composition* This haa^ven rise tc 
the next species of gas. 



i7 
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GASEOUS OXYD OF CARBON. 



PART XXII. 



GASEOUS oxyd of carbon was first described by Dr. 
Priestly, who mistook it for a hydro-carbonate. 

With the true nature of it we have been only lately ac- 
quainted. It was first proved to be a peculiar gas by Mr. 
Cruikshank of Woolwich, who made it known to us, as 
such, in April 1801, through the medium of Nicholson's 
Journal for that uionth. Several additional properties of 
this gas were soon aiterwards noticed by Desormes, Cle- 
ment, and others. Cjhscous oxyd of carbon forms an in- 
termediate substance between the pure hydro -carbonates 
and carbonic acid gas ; but not being possessed of acid 
properties, Mr. Cruikshank has called it, confonnable to 
the rules of the chemical nomenclature, gaseous ooctf d of 
oirhon^ fox it consists of o^gen and carbon rendered ga- 
•eous by caloric 

Though the gaseous oxyd of caibon has some of the 
properties peculttr to the common hydro-carbonates, the 
Mlowing characteristic properties sufficiently prove that 
none of those at present known are similar to it* We are 
therefore entitled to consider it as a gas peculiai^ to itself* 

SECT. L' 

PROPERTIES OF GASEOUS OXYD OF 

CARBQN. 

GASEOUS oxyd of carbon is considerably lighter than 
my of the hydro-carbonates* It is lighter than common 
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air in the proportion of 22 to 23. When mingled with 
common air and ignited, it does not explode, but bums 
with a i a m b eii t blue flame, and the product is carbonic 
add. It lA.vfXf litde absoibriile by water ; it is void of 
taste and odour* A mixture of SO parts of gaseous oagrd 
of carbon and 8 of oi^gen gas, &ed over mercury by 
electrici^t diminishes to a volume equal to about 18 or 
19 puts, wluch » earfaonic acid gas. It contains neither 
water nor Uke basu of that fluid. It is exceedingly 
noxious; animals die in h instantly i when breadied for a 
few minutes only, It produces giddiness and fainting. 
Neither light, heat, nor electricity have any effect upon 
it» When equal quantities of gaseous oi^d of eaibon 
and hydrogen gas are passed throug|i a red hot glass tube, 
the tube is lined with charcoal, water is formed, and an 
excess of hydrogen makes its escape. If a piece of iron 
be put into the tube, it is ovfrdated, but not converted 
into steel. Neither nitrogen gas nor sulphur have any 
action on it, even at iii^ temperatures. It is capable of 
dissolving a minute quantity of charcoal, and increases in 
bulk. It dissolves phosphorus, and acquires the property 
of burning with a yellow flame. The alkalies have no 
effect on this gas. It is not altered when passed with 
ammonia thru ugh an ignited tube. When the red oxyd 
of mercury is heated in it, a commencement of reduction 
takes place. Neither sulphuric, nitric, nor nitro-mu- 
riatic acids alter it, when passed with it through a red 
hot tube. Four parts of oxygenized muriatic acid gas 
left with one oi carbonic acid gas decompose it completely. 
Nitrous gas has no effect upon it. When mixed with 
sulphurated hydrogen gas, and passed through a red hot 
tube> sulphur is deposited, and sulphurated hydrogen gas 
remains mixed with gaseous oxyd of carbon* 



METHODS OF OBTAINING GASfiOUS OXYD 

OF CARBON. 

Gaseous oxyd of carbon may be obtained by a decom* 
position of carbonic acid at high temperatures^ by means 
of various fixed substances which nave a considerable 
affinity to oxygen, llus may be done by distilling a mix* 
mre of charccoi with any of the antwic oxyds, or by 
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exposing to a atrong red heat a mixture of caitoiite'of 
Sme or baiy tes, and filings of iron, zinc, Sec* 

TThe method of obtaining the gaseous oiyd of caHxHn 
In a sute of purity, recommended by Mr* Cmikahank, is 
^ die following : 

U TakdoneiNRrtof chalk* previously exposed to a loar 

red heat for mnst ten minutes* Mix it wkh an equal 
quantity of perfectly dry filings of zinc i let the mixture ^ 
be introduced into a vetott^ sod expose it to a heat gra- 
dually increased. As soon as the retort beoooses oi a dull 
red heati gas wtU be disengaged m great abundance. 
The gas wmch comes over first is carbonic acid gas; but 
as soon as the retort becomes thoroughly ignited, pure 
gaseous oxyd of carbon is liberated in a prodigious quaa* 
tity, which may be ooilepted' in the usual manner over 
water. 

RATiONAL£....In this process a decomposition of the 

carbonic acid of the chall^ takes place in its nascent state. 
1 he zinc robs the carbonic acid of part of its oxygen at a 

high temperature, and becomes to a certain degree oxy- 
dated. The carbonic acid, by being thus deprived of part 
of its oxygen, becomes converted into a new inflanuuable 
gas, called gaseous oxvcl oi carbon. 

Rem ARK.... Upon the whole, therefore, we have tQ 
consider this gas as hokliug the same relation to pure 
hydro-carbonates and carbonic acid gas which nitrous gas 
gu: nitrous oxyd does to pure niti o^^cn and nitrous acid. 

Tin, and probably various othi r nu tals, when mingled 
with charcoal, are capable of producing gaseous oxyd of 
carbon in u similar manner. 

2. Gaseous oxyd of carbon may also be obtained in the 
following manner: 

Take equal quantities of scales of iron* separated in 
forging (black oxyd of iron) and charcoal powder pre- 
viously litated to redness; inixjthem together; introduce 
the mixture into a coated ghioS retort or gun barrel, and ap- 
ply heat gradiKtlly ; as soon as the retort becomes ofa dull 
red heat, gas is produced in great abundance. It consists 
of about one part of carbonic acid gas and four oi gaseous 
oxyd of carbon. In order to separate the carbonic acid gas, 
k must be sufiiered to stand over lime diffused through wa« 
ter, or agiuted wid) lime water ; llie carboaic acid gaa will 
he abfiomdy and what remalnB behind is pure iaflamoiablft 

• UsuoUy caUed smithy-slack. 
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' gaseous ox)'d of carbon : or this trouble may be saved, by 
letting the gas, as it is disenga^d, pass through lime^ 
formed into a very thin paste with water. The carbonic 
acid combines with the lime ; but the gaseous oxyd oi car- 
bon passes through it unahered. 

RATiONALE„..The production oi gaseous oxyd of car- 
bon in this manner is in some respects analogous to the 
former. The black oxyd of iron parts with a portion of 
its oxygen» which joins to the carbon to form the gaseous 
oxyd, and anotberpart is liberated in the £an&of carbonic 
acid gas. The bkek oxyd of iron thefcfore tMppmchea 
to me metallic state* 

A mixture of diarcoal and oi^d of zinc, red oxyd of 
coppery semi-vitreous oxyd of lead,* black o»rd of manga* 
nese^ ttid tlie rest of the metallic ogg^ capame of endur- 
ing a red heat, on being treated with dnuwoal, also ysdds 
carbonic acid gas and gaseous oxyd of carbon* jHuMe 
oj^ds which retain their oxygen most obstinately, yield 
most of die latter, and thxxe which part with it wudSty 
alford most carbonic acid gas. The fattter comes over 
chiefly at the beginning, and the fenner towards the end 
of the process* 

lNrxaBiicti***»From these various facts there can no 
longer remain any doubt but that the carbonic add, under 
certain elevations of temperature, may be decomposed 
by any £xed substance having a c<miderable affinity with 
oxygeni and that, with regard to the metab, those succeed' 
the best which have the ^[reatest attraction for acids or 
oi^gen, as is the case with zinc. Upon the whole we 
may conclude, that there are but two distinct combina- 
dons of carbon and oxygen capable of assuming and main- 
taining the form of gas : for sJthough the gaseous oxyd of 
carbon may be obtained in a great variety of ways, by 
direct composition, as well as during the decomposition 
of the carbonic acid ; yet when pure it is exactly the same 
substnnce, having the same specific gravity, requiring the 
same portion of oxygen to saturate it, and producing the 
same quantity of carbonic acid, as Mr* Cruikshankf has 
sufficiently proved experimentally* 

• Litharge. 

t Kicholsoa*ij Journal, Sept. 2801^ p. 210. 




. J I. d by Google 



2114 Methods of obtmning Gasequ* Oscydqf Carhfu 

One hundred cubic inclies of gaseous ozyd of carbon, 
obtained from iron filings and carbonate of lime or bary- 
tes, previously ignited, according to Mr. Cruikshank^ 
weigh 30 grains. They require 40 cubic inches (13.6 
grains) of oxygen for saturation, and form 92 cubic inches 
(43.2 grains) of carbonic acid, and no water is produced. 
Hence the 100 cubic inches of gaseous oxyd of carbon 
consists of 21 4- oxygen 8.6 carbon. 

One hundred cubic inches of the same gas, obtained 
from charcoal and metallic oxyds, weigh 30 grains : they 
require 44 cubic inches (15 grains) of oxygen for satura- 
tion, and yield 76 cubic inches (35.5 grains) of carbonic 
acid, and afibfd (on account of mt hydrogen contained in 
the chaitoal) about 8 gruns of witmv Hence dus gas 
coDaists of about 15 oxygen, 7 cafboQ, i + hydrogen, and 
an uBcertaiu quantity of water* 

RBMARK.M.llie quantity of oxygen in the gaseous oxyds 
Mr* Cruikahank estiniated diua : in the fint instance, 
for example, we find that 30 gnuna of die oxyd, combined 
with 13*6 gfains of o^gen, produced 43*3 |;rains ci car* 
bonic acid* This acid consists of 8*6 grains of carbon 
and 34.6 of osjrgen nearly ; but the quantity of oxygen 
employed in the experiment was only 13*6 (?nins; hme 
die diiSerence between 34.6 and 13.6 or 21 grains must 
have been originally contained in the oxyd. It would 
therefore appear that the gaseous oxydi in their purest 
state coosiat of oi^^n and carbon^ in the proportion of 
21 to 9 nearly, combined with caloric* 

Upon the whole we consider, as mendoned before, the 
gaseous oxyd of carbon as holding the same relation to 
die pure hydro-carbonates and carbonic acid which nitrona 
gas or nitrous oxyd does to pure nitrogen and nitrous 
aeid* 
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sbct;. I. 

l^&OP£RTI£S OF SULPHURATED HYDRO* 

GEN GAS. 

SULPHURATED hydrogen gas possesses the pro- 
perties of an acid ; for, when absorbed by water, its so- 
lution reddens vegetable blues ; it combines also with al> 
kalies, earths, and with several metallic oxyds. Sulphu- 
rated hydrogen gas possesses an extremely offensive odour, 
resembling that of putrid eggs. It kills ^mimals, and ex- 
tinguishes burning bodies. When mixed with oxygen 
gas, or atmospheric air, it is inflammable. Mingled with 
nitrous gas, it burns with a yellowish green flame. It is 
decomposed by ammonia, by oxygenized muriatic acid 
gas, and by sulphureous acid gas. It has a strong action 
on the greater number of metallic oxyds* Its specific 
gravity to common air is as 1 106 to 1000. It is compos- 
ed, according to ThmuErd of 70.857 sulphor and 29.143 
hydrogen* It has the property of dissolving a small 
quantity of phosphorus.* 

METHODS OF OBTAINING SULPHURATED 

HYDROGEN GAS. 

1. Take dry sulphuret of potash, P^^ ^ ^ tubulated 
retort, lodged in a sand bondi,. or supported over a lamp i 

■ 

* Aeeofding t» Dsvy» it osDlsias J hydrogen and 93<5 ffalphnr in 
lOOpitrti. 
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direct the neck of the retort under a receiver placed in 
the pneumatic trough : then pour gradually upon the 
sulphuret diluted sulphuric or muriatic acid ; a violent 
elTervescence will take place, and sulphurated hydrogen 
gas will be liberated. When no more gas is produced 
spontaneously, urge the mixture with heat by degrees till 
it boils, and gas will again be liberated abundantly. 

The water made use of for receiving it should be heated 
to about 80«* or 90** : at this temperature it dissolves littic 
of the gas ; whereas, if cold water be made use of, a vast 
quantity of it is absorbed. 

Ration ALE....Though sulphur makes no alteration on 
water, which proves that sulphur has less attraction for 
oxygen than hydrogen has ; yet if sulphur be united to an 
alkali) this combination decomposes water whenever it 
comes in contact with it, though the alkali itself has no 
attraction either for oxygen or hydrogen. 

The formation of this gas explains this truth. On 
adding the sulphuret of potash to the water, this fluid be- 
comes decomposed, part of the sulphur robs it of its oxy- 
gen, and forms with it sulphuric acid ; this generated acid 
unites to part of the alkali, and forms sulphate of potash. 
The liberated hydrogen dissolves another part of the sul- 
phur, and forms with it sulphurated hydrogen ; the basis 
of this gas, which is retained by the separated portion of 
the alkali. The sulphuric acid added now extricates it 
from the alkali, and makes it fly ofl" in the form of gas. 

The mixture in the retort therefore contains an alkaline 
sulphure properly so called, or the simple combination of 
sulphur with alkali ; sulphate of potash, and lasdy, sul- 
phurated hydrogen gas dissolved in the alkaline sulphure, 
or an hydrogenated sulphuret. 

Remark.. ..Diluted muriatic acid is best adapted for 
the production of sulphurated hydrogen gas from alkaline 
sulphurcts. If nitric acid be made use of, it must be 
much diluted. Sulphuric acid yields little gas, unless as- 
sisted by heat. Wh<. n the proportion of sulphur in the 
sulphuret exceeds that of the alkali, the dense sulphuric 
acid poured upon it emits sulphuric acid gas much loaded 
with sulphur. All the rest of the acids may be made use 
of for decomposing the sulphurets. 

2. When iron and sulphur are united together, they 
aflbrd a large quantity of sulphurated hydrogen gas on 
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sabmitting them to the action of heat^ in contact with 

water. 

Melt together in a crucible equal parts of iron filings 
and sulphur ; the product is a black brittle mass called 
sulphuret of iron. Reduce this to powder, and put it 
with a litde water into a tubulated retort ; add diluted 
muriatic acid^ and apply a gentle heati till no more gas is 
disengac:ed. 

Ration ALE. ...The philosophy of this experiment is 
analogous to the former. Part of the oxygen of the water 
unites to part of the sulphur, and forms sulphuric acid; 
another part oxydates the iron, which dissolved by the acid 
forms sulphate of iron : the hydrogen of the water unites 
to another part of the sulphur, and forms sulphurated, 
hydrogen, which becomes gaseous by the addition of 
caloric. 

3. Sulphurated hydrogen gas may also be obtained by 
heating an alkaline sulphuret, with the addition of water, 
without the affusion of an acid. 

Rationale,. ..In this case the water is also decompos- 
ed; its hydrogen unites v/ith partof the sulphur, and forms 
sulphurated hydrogen ; the oxv^en of the watLi uiiiies 
with another part of the sulphur and produces sulphuric 
acid, which joins to the alkali, and forms a sulphate. The 
sulphurated hydrogen becomes disengaged by heat in the 
gaseous form* 

4. Sulphurated hydrogen gas may be obtained by pass- 
ing hydrogen gas through sulphur in a state of fusion* 

For this purpose put sulphur into a gun*barrel, or 
Wedgwood's tube, and place it across a furnace ; fit to the 
lower extremity a bent glass tube, which goes under a re* 
celver placed in the pneumatic trough, and adapt to the 
upper extremity a tubulated retort, or othei^ apparatus 
proper for producing hydrogen gas* The sulphur must 
then be heated, and when melted, and the hydrogen gas 
evolved, must be made to pass oyer it ; which in this 
manner will dissolve part of the sulphur, and become con* 
verted into sulphurated hydrogen gas. 

5* It may likewise be procured in a direct manner: for 
that purpose let a small quantity of sulphur be inclosed 
in a jar full of hydrogen gas, and meh it by mm&s of a 
burning glass. 

VOL. I. 38 ' 
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REVARK«*.*Thi8 method does not succeed ez^pt the 
hydrogen j^s be as dry as possible i for its affinity to Sttl* 
phur is weakened in proportion to its moisture.* 

SECT. n. 

EXPERIMENTAL PROOFS OF THE PROPER. 
TIES OF SULPHURATED HYDKOGEN GAS. 

EXPERIMEMT L 

Sulphurated hydrogen gas is ahaorbed by xvater* 

Fill a bottle with sulphurated hydrogen gas, and keep 
it inverted in a basin of cold water : iin absorption will 
take place, which mnv be accelerated by agitation. The 
water which has al^snrfied a quantity has the fetid odour 
of the gas. It is not decomposed by exposure to the air ; 
but the gas is gradually separated and carried off without 
decomposition. Water impregnated with sulphurated 
h) drogen gas slightly reddens blue vegetable colours. 

Remark.... It is this gas which gives to the mineral 
waters of Hariowgate and Aix-la-Chapelle their peculiar 
smell. Such waters may therefore be artificially imitated 
by impregnating pure water with this gas, and adding the 
other constituent parts to it. Water absorbs its bidk of 
this gas. 

ExPEtlMEKTT IL 

Sulphurated hydrogen gas is inflammable in eontact with 

oxygen gas* 

Mix equal parts of sulphurated hydrogen gas and oxy- 
gen gas over water, and apply a lighted taper ; a smart 
detonation will take place, and both gases will disap- 
pear. 

Rationale. ...Part of the oxygen unites to the hydro- 
gen of the sulphurated hydrogen gas ; aiiuthcr part joins 
to the sulphur suspended in this gas : henc< thi products 
aftisr combustion are sulphureous acid and water. 

* This 1^ is pcoducoA when metals are iiielte4 with suli»hur, as Is 
said. T.C. 
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V 

• Experiment. IIL ' 

Sulphurated hudrogen gas mingled ivith nitrous ^as bums 
with a yellowish green Jlame. 

If three parts of sulphurated hydrogen gas be mixed 
with two of nitrous gas, the mixture may be inflamed^ and 
bums with a yellowish careen flame ; the vessel becomes 
lined with a coat of sulphur. 

Ration ALE. ...The explanation of these ])]i(nomena are 
analogous to tiie rationale ol the next experiment* 

Experiment 1V« 

Sulphutated hyd^rogen gas h- decomposed by atmospheric 
; , • air. 

Introduce into a bell glass, half filled with sulphurated 
hydrogen gas, an equal quantity of atmospheric air ; a di* 
minution will take place, sulphur will be precipitated, and 

nitrogen be left behind. 

Rationale. ...The oxvj^cn of the atmospheric air has 
a gi L atcr aiiiniiv lor hydrogen than the sulphur ot the sul- 
phurated hydrogen gas hn*^ ; thev therefore unite and 
form water, and the sulphur l)c'coincs th posited. 

Rem ARK.. ..On this principle It h that watia- holding 
snlphui-atLcl hydrogen gas in solati<jn lets hdl suij)liar on 
exposure to the open air ; and licnce ariijca the sulpluir 
seen deposited in the chaniu Is, and in the neighbourhood 
of sulphtu'ated^ or, as they are commouly called, hepatic 
vraters. 

Experiment Y. 

Sulphurated hydrogen gas becomes quickly absorbed hy 

alkaline solutions,, 

This may be proved by filling a tube with the gas, and 
inverting it in^ a basin containing some concentrated so- 
lution of pot^h. The gas will be absorbed^ and tbe 
potash will acquire coiour, odour, a&d other pe^Oi&tr 

propertsest' % _ ' 
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^ This combination is c?\\t^ hydrD'9ulphuret of pota»h ^ 

it is a true saline compound. * 

Rf ?! A RK.... Hitherto only the alkalies and some oi the 
earths fiave been combined with sulphurated h\drogcn 
gas. These compounds are colourless while kept in close 
.vessels, Imt when exposed to air they soon acquire colour. 
This change is produced by the decomposition of part of 
the sulphurated hydrogen )G;as by the air. The hydrogen 
combines with the oxygen of the air, and forms water j 
while the sulphur is disengaged, and thus darkens the 
colour. 

The sulphurated hydrogen gas may again l)€ expelled 
from these combinations in the same ratio it hud been 
absorbed, by the addition of an acid. It may also be dis- 
engaged by heat. 

I 

EXPERIHENT VI. 

Stdphurated hydrogen gas and sulphureous acid gas 
decompose each other* 

When sulphurated hydrogen gas and sulphureous acid 
gas are mingled together over mercury, the volume of the 
gases becomes diminished, and sulphur is deposited on 
the sides of the vessel in a considerable quantity. 

When these gases are dissolved in water, they mutually 
undergo the same decomposition. If suitable quantities 
are take n, ihe odour of both fluids disappears instantly. 

Ka i ION A LE.... i lic h\ drogen of the sulphurated hydro- 
gen gas has a greater affinity for the oxygen of the sulphu- 
reous acid gas than the sulphur has ; they therefore unite 
and fotm water, and the sulphur of both is deposited. 

REKARK.«.«If concentrateid nitrous acid be poured c(h 
ptouaiy into water holding sulphurated hydrogen gas in 
solution, sulphur is likewise deposited* Hence nitrous 
acid is used as » test to dfstect the presence of sulphiirat* 
ed hydrogen gas in hepatised waters*. 

Experiment VIL 

Combtmiion of stdphufated hydrogen gas and ammonia* 

Fill a glass jar with fresh prepared sulphurated hydrogen 
gas, confined over mercury, and add to it gradually tm^ ' 
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Properties of SulpMirdlttd ifydrdgen Gojf, SOI 

iR6iihlM gttd : k denib white vapOtif will mfltlifetly appear ; 
both gases Will lM»h ; & white Mhb «oliipoumi iHU 
be fornnedy being Tiydrogen&ted s^Iphtnttof 

• - . » 

£xp£Rim£nt VIII. 

Oxygenized muriatic acid gas and sulphuraUd hydrogen 
gas HkewUe decompose each otheK 

Fill a cylindrical vessel over water with oxygenized 
muriatic acid gas, keep- it over diat fluid, and mingle it 
with sulphurated hydrogen gas ; at the instant the gases 
come 1n contact with each other their bulk will be diiiu-> 
nished, and the vessel become lined with sulphur. 

RATiONAL£....The oxygen of the oxygenized muriatic 
acid gas unites partly to the sulphurated hydrogen, and 
partly to the sulphur dissolved in that g^as ; lience water 
and sulphuric acid are formed : the oxyn;enized muriatic 
acid gas being robbed ol its ox^'g•en becomes converted 
into simple mLiri:Uic acid, and the sulphur which escaped 

the action oi the oxygen is precipitated* 
t « 

£xP£aiM£NT IX* 

Decomposition of mtphmratt d hydrogen gas by the electric 

spark. 

Fill a detonating tube over water with sulphurated 
hydrogen gas, and pass the electric spark through it ; the 
volume of the gas will become diminished, and sulphur 
be precipitated* 

£XP£RIM£NT X. 

Sulphurated hydrogen gas acts strongly 07i the greatex 

number of metallic oxyds. 

Dtp a slip of paper into a ablation of silver, lead, bis* 
muth, mercury, tin, &c* and expose it to the action of 
anlphurated hydrogen gas, the paper will instantly become 
blackened. Writings perfonned with these solution^ are 
invisible when dry, but.become. visible when immersed in 
a bottle filled with this gas* 
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Rationale.. ..In this instance the hydrogen of the 
gas abstracts the oxygen from tht se bodies, and causes 
them to rc-approach to the metallic state ; at the same 
time, the sulphur contained in the gas combines witli 
the metal thus regenerated, and couvcrte it into a sul- 
phuret* Appendix No, 25.) 
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PHOSPHOllATED HYDROGEN GAS. 



PART XXIV. ' ^ 



SECT. L 



WE are indebted to M. Gengembre for the discovery 
•f this gas, which differs from the hydro-carixmates in 
nothing but the nature of the combustible substance sns* 
pended in the hydrogen gas. 

Phosphorated hydrogen gas consists of phosphorus dts* 
solved in hydrogen gas. 

PROPERTIES OF PHOSPHORATED HYDRO- 
GEN GAS. 

Phosphorated hydrogen gas is the most combustible* 

substance in nature. It is particularly distinguished from 
all other gases, by the property of taking fire immediately 
when brought in contact with atmospheric air. When 
mixed with oxyrren gas, or with oxygenated muriatic acid 
gas, it burns with great vrhemcnce. When bubbles of 
it are suffered to pass tli rough water, they explode in 
succession as they reach the surface of this fluid. It has 
an insuppot table odour, similar to that of putrid fish. It is 
partly absorbable by distilled water freed from atmos- 
pheric air at low temperatures. Distilled water absorbs 
about one-fourth, and gives it out again without alteration 
by heat. Water containing atmospheric air decomposes 
it, when suffered to stand with it tor some time. When 
exposed to vivid light, it deposits phosphorus in a crys- 
talline form* " ■ . ' 

m 

* Qoeii^ if hbe ao mwh lo » equal puts of aolpliar and ^^Im^kh 
ma. T. C. 



3(H nosphoraUd Hydrogtn Gm» 

* 

METHODS OF OBTAINING PHOSPHOR AT- I 

£D HYDROGEN GAS. 

i 

1* Take a small retort, put into it one part of phospho* | 
rus and ten of a concentrated 8olutioti«of potluh or aoda ; 
make die miicture boil, and receive the liberated gas over 
mercury ; or^ if it be intended for immediate use, it may 
be collected over water. • 

RATioiiftiE.«vI>^ thi^ experiment a decomposition of 
the water Bikes place* Its oxygen unites to part of the 
phosphorus, and forms phosphoric acid, which joins to 
the potash, and forms phosphate of potash. The liberated 
hydh>gen dissolves another part of the phosphorus^ and 
becomes converted into phosphorated hydrogen gas. 

R£MARK....In thus preparing<this gas, the body of the 
retort should be filled as nearly as possible with the mix- 
tow; otherwise the first portion of gas which is produced . 
inflames in the retort ; a vacuum is formed ; and the ] 
water forced up into the retort, and endangers the burst- 
ing of it.^ 

2. Phosphorated hydrogtn ][^as is also obtained, if by 
n direct exposure to a strong heat we cffLxt a combina- 
tion of phosphorus and lime, and then throw this com- 
pound into watrr ; a great quantity of phosphorated hy- 
drntren gas will soon be formed, and may be obtamed in 
tlie usual manner over water or mercury. 

RATiONAT,E....The production of phosphorated hydro- 
gen gas in this manner is analogous to the first, with the 
only difference that here the decompojiition of the water 
takes place at common temperatures. ' 

3. Phosphorated hydrogen gas may also be obtained, 
according to Davy,j in the following manner : • 

Let water be decomposed in the usual manner, by 
means of zinc and sulphuric n i l, and add to the mixture 
a qunntity of phosj)horus. 1 iic li)drogen ev(jU cd will j 
dissolve part of the phosphorus ; phosphorated livdrogen 
gas will be produced, and take fire at the surface of the 
fluid, so long as the decomposition of the water is made, 
with considerable rapidity. But the gas produced in this 

* This may be preTei»ted by reinoving- tlie beak of the retort wbea 
the M ntcr nsccntls : or by burninpf av ny the oxyg-en nf'ilie air of there- 
tort wit h pJu)»»|^iiQi u» : or by fiUingtlic retort with h^tU-ogen gas. T. tl. 

f Xicliobon's Journal, AprillSO^. 

' t 
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process burns with a inorc lambent flame than that ob- 
tained in the usual manner, probably on accouiiL of con- 
taining a larger quantity of hydrogen. The experiment is 
nevertht- less brilliant ; for th^ gas is • disengaged in small 
bubbles, which co\fir the whole surface of &e fluid ; they 
disengage themselves rapidly, new ones are produced^ and 
the Whole fluid resembles a weU of fire. 

Rem ARK.... For the success of this experiment, it is eft* 
sential that the water, during the action of^ decompo* 
sition^ be considerably heated, which may W effected by 
a copious addition of sulphuric acid, and that the phospho* 
rus be present in a considerable quantity* Half a part of 
phosphorus cut into small pieces, one of granulated 2unc» 
three of concentrated sulpliuric acid, and five of water* 
answer this purpose exceedingly well. 

Phosphorated hydrogen gas is also produced by nature* 
* The air which bums at the surface of certain springs, and * 
forms what is called burning springs and the i^gnu JktUi 
(lack o'lantems) which glide along burying-grounds^ or 
places- where animal matters are putrifying, consist of 
hydrogen gas, holding phosphorus in solution** 

SECT. IL . 

HXPERIMENTAL PROOFS OF THE PROPERTIES 
OF PHOSPHORATED HYDROGEN GA6. 

EXFERIMENT I. 

fhosphorated hijdrogen gas takes fire on coming into con* 

tact with at/no6pheric air. 

This may be evinced by charging a small retort with 
potash, phosphorus, and water, in the manner mentioned' 
before, applying heat and dipping the mouth of the retort 
into a basin of water. The bubbles of air which come 
from the retort and pass through the water will burst with 
a slight explosion, and produce flashes of fire in the cir- 
cumambient air ; a circular dense white smoke rises hori- 
zontally like a ring, enlarging itself continually, and form- 
ing a sort of corona extremely beautiiul if the air be per- 
fectly tranquil. 

• Another method of procuring^ this g«8 Isypttt to ten ptrts of water, 
one of phosphorus in aimxW pieces : then two parts of granttlatcd zim ; 
then add six parta of oil of vitriol of commerce. T. €1. 
VOL. I. 39 
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;i06 Phosphorated Hydrogen Gae* 

Tbt finest effcd is produced when the flaBhes < 
succeed each other hut slowly. 

Ratiohalcm.Wo have noticed before diat phospho- 
rated hydrogen gas is nothing tut hydrogen gas holding 
phosphorus in solution. When this gaseous fluid is pre* 
«ent^ to the atmospheric air or oxygen gas, the minutefy* 
, divided phosphorus rapidly attracts oxygen and kindles, 
setting fire at the same time to the hydrogen gas in con- 
tact with ^(nospheric air^ and hence phosfiiiorlc acid 
and water are formed* 

The circular crown of white smoke which rises afiter 
the exj^ion of ike gas, originates from the coat of water ' 9. 
which enveloped the bubble of the gas ; this water, toge- 
ther with wksLt is formed during the explosion^ is sud- 
denly converted into vapour, It unites to the phosphoric 
acid produced, and thus oomtitutes the circular crown of 
smoke which rises like a ring. 

If a wide mouthed phial be filled with phosphorated 
hydrogen gas and left in that situation over mercury, the 
gns will take fire when suffered to escape into the* air by . 
inclining the phial. 

K£MARK....This last is a hazardous experiment : the 
phial is often burst to pieces ; it is therefore necessary ^ 
to surround it with a cloth, in order to avoid dangerous 
f 9 events. An clastic gum botde may be used for this pur- 
pose with safety.* 

Experiment IL 

Acccnsion of phosphorated hydrogen gas by means of 

oxygen gas* 

Fill a receiver with oxygen gas, and convey into it a 
few bubbles of phosphorated hydrogen gas. At the in- 
stant of the union of the gases, a brilliant flash of fire takes 
place, accompanied with a report. " 

The rationale of this experiment is analogous to the 
former. 

Remark. ...Great caution is necessary jn performing 
this experiment. The dilatation of the gases which takes 
place during the explosion is so great that the vessel is 
apt to be blown to pieces. Not more than a single small 
bubble of the phosphorated hydrogen gas should be con* 

• Invert a tin case over the phial before you let out the gas. T. C. 
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veyed into the oxygen gas at ODce, except the feceiverbe 
made of very thick g^asB. 

EZPBRiVBHT III. 

Accermon of phosphorated hydrogen gasy by means of 
oxygenized muriatic acid gas^ 

li fresh-prepaied phosphorated hydrogen gas and oxy- 
genized muriadc acid gas are mingled togetilir over mer- 
cury, a considerable detonation tdces puce, accompanied 
iriui a lambent green flame and dense white vapour. 
, Rationale.... All that happened in die last experiments 
takes place in this instance. The oxygenized muriatic acid 
is robbed of its oxygen, and becomes converted into sim- 
ple muriatic acid gas ; and water and phosphoric acid are 
produced. The evolved heat inflames the phosphorus 
which was dissolved in the gas. 

R£MARK....For the success of this experiment it is es- 
sential that both gases are fresh prepared. The receiver 
m which the mixture is made should be very strongs in 
order to guard against accidents^ and the gas introduced 
gradually by a bubble at a time. 

Experiment IV. 

Fhoaplio rated hydrogdn gas bums with a green light in 
nascent oxygenized muriatic acid gaSy under 
the surface of water. 

Put into an ale-glass, or Florence flask, one part of 
phosphuret of lime, broken into pieces of the size of a pea 
\wit m smaa fragments or in powder) and add to it half 
a part of oxygenated muriate of potash. Fill the vessel 
with water, and brmg carefully into contact with the ma- 
terials at the bottom of the fluid three or four parts of con- 
centrated sulphuric acid. This may be most conveniently 
done, by lelling the acid fall through a long-necked fun- 
nel, reaching to the bottom of the vessel, or h)' causing it 
to pass down the sides of it. As soon as the decomposi- 
tion of the water and that of the ox\ genated muriate takes 
place, flashes of fire dart from the surface of the fluid, 
and the phos]>hiiret ilUmiinates the bottom of the vcsscl 
with a beautiiui green hght. 
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I 

Experiment V. 

A riband or piece of silk^ impre,^nated zvith a solution xijf 
muriate of golH, may be ifilt by the action of 
phmphorattd hydrogen gas. 

Take a silk riband, wet it thoroughly with a solution 
of muriate of gold, and expose it ovt*r mercury to tiu- ac- 
tion of phosplioralcd hydi<igen gas for a few days ; the 
riband in ilus siuiation will become covered with gold. 
The gilding is so permanent that it will bear washing. 

Rii:TioNAL£.* .The hydiDgen of the phosphorated hy- 
drogen g!|s unites to part of the oxyd of gold dissolved in 
the acid, and forms water* The phosphorus thus sepa- 
rated Ignites to another part of the oxygen, and produces 
phosphoric acid. The gold therefore on losing its oxy- 
ffen' totally becomes reduced to the metallic state, and at- 
mhes Itself by .virtue of a strong molecular attracuon to 
the riband. 

Hem ARX«.*.One part of the crystallized muriate of gold 
dissolved in eighteen parts of distilled water^ seems to 
answer this purpose extremely welL 

If the gilding be i-^peated a second, or even a third 
time, its lustre becomes extremely beautiful.^ 

£XP£R|H£NT VI* 

Phosphorated hydrogen j^as and sulphureous acid gas 

decompose each other* 

Let phosphorated hydrogen gas ami sulj^hureous acid 
gab, both obtained over mercury, be mingled together, the 
two gases will lose their elasticity ; plates of yellow mat- 
ter are deposited on the sides of the vessel, which take fire 
on hot iron, first in the manner of phosphorus, and after- 
wards with the characters of sulphur. 

RATioMAL]£..Mlt follows ffom this experiment that the 
liydrogen is the only substance which combines with the 
oxy gen in these circumstances, since the gases lose their 
^uidit}' and deposit respectively the sulphur and phospho- 
rus contained tn them. 

, * Bf Ts. Fulhaiae invented this experiment. T* C. 
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Experiment VIL 

Phosphorated hydrogen gas is dtcomposed by vivid light* 

Though phosphorated hydrogen gas may be kept over 
mercury in the dark for any length of time unaltered, this 
is not the case if the gas be exposed to light. If a bottle 
filled with this gas be paunted pardy black, or surrounded 
with black paper, and dien exposed to the light of the sun^ 
the union of the phosphorus and hydrogen will be broken, 
and the phosphorus will be found crystallized at those 
parts through which the rays of light were su&red to 
pass, and the hydrogen gas will be lot behind. 



NITROUS GAS. 



PAJtlT XXV- 



SECT. I. 

THE name of mtrous gas is given to an aeriform fluid* 
consisting of a certain quantity of nitrogen gas and oxy* 
gen t first described by Priestley, but in some measure 
Inown before to Hales* 

PROPERTIES OF NITROUS GAS. 

Nitrous gas is an elastic colourless fluid, having no 
sensible taste : it is neither acid nor alkaline ; it is ex- 
ceeding! \ hurtful to animals, producing instant suffoca- 
tion whenever they attempt to br( athe it. The greater 
nuniber of combustible bodies reiase to burn in it. It 
is nevertheless capable of supporting the combustion of 
some of these bodies. Phosphorus burns in nitrous gas 
when introduced into it in a state of inflammation ; 
pyrophorus takes fire in it spontaneously. 

It is not decomposable by water ; though 100 cubic 
inches of this fluid, when freed from air, absorb about 
tl.8 cubic inches of gas. This solution is void of taste ; 
it does not redden blue vegetable colours ; the gas is 
expelled again when the water is made to boil or suf* 
fered to freeze. It has no action on nitrogen gas even 
when assisted by heat* It is decomposed by several me- 
tals at high temperatures. 
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Its specific gravity, when perfectly pure, is to that of 

atmospheric air as 1.093 to 1. 

Ardent spirit, saccharine matters, hydro-carbonatesi sul- 
phureous acid, Lind phosphorus, have no action on it. It is 
not sensibly changed bv the action of light. Heat dihites 
- it. It rapidly combines with oxygen gas at common tem- 
peratures, and converts it into nitrous acid. Atmospheric . - 
air p} ochices the same effect, but with less intensity. It Is 
absorbahle by green sulphate, muriate, and nitrate of iron, 
and decomposable by alkaline, terrene, and metallic sul- 
phurets, and other bodies that have a strong affinity for 
oxygen ; but is not capable of combining with them che- 
mically, so as to form saline compounds. From the 
greatest number of bodies which absorb it, it may be again 
expelled by the application of heat. 

It communicates to flame a greenish colour before ex- ♦ 
tinguishing it ; when mixed with hydrogen gas it acquires 
the property of burning with a green flame. It is absor- 
bable by nitric acid, and renders it fuming. 

When exposed to the action of caloric in an ignited por- 
cdain tube, it experiences no alteration ; bat when electric 
sparks are made to pass through it, it is decomposed and ' 
converted into nitrous acid and nitrogen gas. Phosphorus 
does not shine in it* It is composed of 50 parts of oxygen^ 
and 44 nitrogen* 

METHODS OF OBTAINING NITROUS GAS* 

1 . Put into a small proof or retort some copper wire, 
or pieces of the same metal, and pour on it nitric acid of 
commerce diluted with water ; an effervescence takes place 
and nitrous gas will be produced. After having suffered 
the gas to escape for a few minutes on account of the 
atbiospheric air contained in the retort, collect the gas in 
the water apparatus as usua'. In order to obtain the gas 
in a pure state, it must then be sh&ok for some time in 
contact with water. 

Rationale... .We have seen before that water was 
decomposed on bringing in contact with it a metal 
*uid an acid ; but here the case is different ; the water 
in this instance suffers no alteration, on the contrary, 
the acid undergocfi a partial decomposition! the metal 
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robs the nhrtc acid of the greatest part of its oxygen, and 
becomes oxvdated ; the remainder of the acid having lost 
so much of its oxygen, becomes thereby so altered, diat 
- at the usual temperature it can exist no longer in the liquid 
state, but instantly expands, and assumes tne Ibrm of gas ; 
ceasing at the same time to act as an acid, and exhibiting^ 
' different properties* 

Instead of presenting copper to nitric acid, iron, zinc, 
mercury, or silver, may be made use of« The metals best 
suitedforthe production of nitrous gas are silver, mercury, 
and copper* 

2. Nitrous gas may likewise be obtained by synthesis* 
This method of obtaining it ve owe to Dr. Milner of 

Cambridge. 

In the middle of an earthen tube about 30 inches long, 
. and f wide, open at both ends, put as much coarsely-pow- 
dered manganese as is sufficient nearly to fill it* Let this 
tube traverse the universal furnace* To one end of the 
tube lute a retort containing water strongly impregnated . 
with ammonia, and to the other adapt a bent glass tube 
which passes into the pneumatic trough* X«et a fire be 
kindled in the furnace, and when the mnnganese may be 
supposed to be red-hot apply a gentle heat to the retort, 
and drive over it the vapour of the ammonia ; the conse- 
quence \y\\\ be that nitrous gas will be delivered at one 
end of the tube, at the time that the ammonia enters the 
other end ; and this effect does not take place without the 
presence oi the alkali. 

Rationale.... Ammonia consists of hvdrogen and ni- 
trogen : its hydrogen combines with the oxygen which is 
given out by the ignitt^d manganese, and forms water ; 
its nitrogen unites at the same time to another portion of 
the oxygen, and constitutes the nitrous gas. 

Remark. ... There is a cause of deception in this ex- 
periment, against which th€ operator ought to be on 
' his guard, lest he should conclude no nitrous gas is 
formed, when in reahty there is a considerable quantity. 
. The ammonia, notwithstanding): every precaution, will 
frequently pass over undecoinpos* d. It the receiver 
in the pneumatic trough is hlled wiUi water, great 
part of this will indeed be presently absorbed, but 
still some portion of it will mix with the nitrous gas 
formed in die process. Upon admitting the atmospheric 

I 

' I 
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air, the nitrons gas \\\\\ bcrome di-romposeH, and the 
red nitrons Imncs instantlv unite* with thtr nUrall. The 
receiver is pr< smtlv filled w ith w hile clouds of nitrate of 
ammonia ; and in this ni umcr a wrong- conchision may . 
easily be drawn from the wnnt of the orange cr>lour of 
the nitrous iumes. A considerable quantity of nitrous 
gas may have been formed, and yet no orange colour ap- 
pear, owing to this circumstance ; nnd therefore it is easy 
to understand how a small quantity oi nitrous gas may be 
most effertually disguised by the same cause. 

Dr. Milijcr* also obtained nitrous gas, bypassing am- 
moniacal gas over sidphate of iron deprived of its water 
of crybtaiiiza.uon.f 

SECT. U. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF NITROUS OAS. 

EXPERIUCENT L 

Mtrovs gas decomposes atmosphetic <dr» 

It was mentioned before that nitrous gas greedily at* 
tracts oxygen of the atmospheric air. \Ve shall demon- 
strate this fact, and show at the same time that during 
this union an acid is pi ni l need. 

Pass up into a cvliudrieal glass vessel, over^vater, about 
one measure of nitrous gas and two of common air ; the 
two fluids will speedily unite, red fumes will be produced| 
and the volume of the two combined gases will be dimi- 
nished* A considerable degree of heat will be perceived^ 
the water will rise in the cylinder and absorb the red va- 
pours* When the two gases have been mixed in due 
proportion, nothing remains at last but the nitrogen gas 
of the atmospheric air. Usually 16 measures of common 
air are requisite to destroy completely 7^ measures of ni- 
trous gas, this however varies according to the purity of 
the airs. 

RATiONALX....The nitrous gas in this experiment de* 
composes the atmospheric air ; it takes the oxygen from 
the nitrogen gas« unites with it^ and forms nitrous acid ; 

• Pha. Trans. LXXIX. p. 300. 

f When thb gas is kept in a pliial well corked, with a little water ja 
it, nitnte of ammoaia is formed bjr deconpoiitisn sf tlie watar. T. C. 
VOL. I. 40 
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the nitrogen is therefore left behind ; the heat which is 
generated is the caloric which kept the gases in solution^ 
which now becomes liberated. 

If instead of atn^ospheric air ox) gen gas be substituted, 
this phenomenon wiii !)t still more striking. If a pint of 
pure oxygen gas be mixed with two of nitrous gas, the 
redness will be much greater, and the volume of the gases 
almost entirely disappear. 

R£MARK.«..UpoQ the property which nitrous gas has 
of absorbing the oxygen of ttie atmosphere, Priestley and 
Fontana founded the construction of their eudiometers 
already mentioned. 

Experiment IL 

Proofs that an acid is produced during the mixture of m- 
troue gas and atmaspherk air or oxygen gas. 

Paste a slip of litmus paper within a glass jar, near the 
bottom, and into the jar» filled with and inverted in water, 
pass as much nitrous gas, previously well washed, as will 
displace the fluid below the level of the paper ; the blue 
colour of the paper will remain unaltered, but on send- 
ing up atmospheric :in , or oxygen gas, it will immediately 
chang-e its bliK colour to red. A sure prooi tliat an acid 
has been ionntrd. ''^ 

That it is nitrous acid which is produced bv the union 
of niti ous gas, and oxygen gas may be evinced m the fol- 
lowing 

Experiment III* 

Into a jar filled with and inverted over mercury put a 
small quantity of solution of pure potash, and afterwards 
measures of oxygen and nitrous gases separately and in 
proper proportion as long as an absorption takes place* 
On removing the solution from the jar and evaporating it 
in a glass basin, crystals of salt will be formed, which 
exhibit all the properties of nitrate of potash* 

ExpERiHEirr IV* 

Nitrous gas is absorbed by nitric acid^ to v^ich i$ gives 

new characters. 

Let nitrous gas pass as it is liberated from the materials 
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ifhicfa aflbrd it into a botde containing colourless fiitric 
acid ; the acid will first become yellow, then green, next 
orange coloured, and at last dark olive coloured and 
fuming. 

Rationale.— The change of colour depends on the 
absorption of different quantities of nitrogen gas. Priest- 
ley found that 100 parts of nitric acid of a moderate 
^trength absorbed in two days 90.29 of nitrous gas* He 
informs us that when about seven parts were absorbed, 
the acid assumed an orange ccdour ; when eighteen parts 
were absorbed, a green colour ; and that when the 90.29 
were combined it became red and fuming. 

Rem ARK.. ..If the olive coloured acid be diluted with 
water, it becomes blue ; the orangp roloured when united 
with water becomes emerald green ; and a large quanti^ 
of water renders either ot them colourless. 

M 

£XP£RIK£NT y« 

Nttrtnu gaa which has bcm absorbed by nitric acid may 
be expelled agttm Jrom this fimd» 

This may be shown by gently heating the acid coloured 
in the before-going experiment till it becomes limpid. 
In this experiment light should be excluded. 

RATiONALE....The nitrous gas absorbed by the aeid 
has a greater affinity for caloric than the nitrie acifl has ; 
this property therefore is here emplo} eel for disengaging 
' the nitrous gas wliich rendered the acid iuming. 

EXPERIUENT VL 

ifitrous gua tinges the fiame of bumtng bot&es green* 

Fill a wide mouthed bottle with a mixture of one part 
of nitrous gas, ai^d four of hydrogen gas ; set fire to it 
with a lighted taper* and the mixture will bum with a 

green" flame. 

If a lighted taper be immersed in nitrous gas, it 
exhibits a green flame before the taper becomes eioh^ 
guished. 
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Experiment VIL 

Ntirotugao u nnfffor mfunttnning the comhtstion of the 
greattr number ofhurmng ho(Res. 

Fin a receiver with nitrous gas, and let down into it a 
burning uiper ; the taper will instantly be extinguished : 
the same thing will happen to ardent spirit, oik, &c. 
though burning with a vivid flame. 

, That nitrous gas however is capable of supporting the 
combustion of other bodies will be obvious from the fol* 
lowing experiments : 

Experiment VIII. « 

Accension of pyrophorus in nitrous gas. 

Place some new made pyrophorus in a copper spoon, 
and introduce it into a receiver filled with nitrous gas ; 
the p\'rophorus will instantly take fire, and the volume of 
the gas will become diminished. 

RATiONALE....The pyrophorus effects a real analysis 
of the gas, it subtracts its oxygen, and leaves its nitrogen 
behind : hence if the remaining air be, examined it will 
be found that it renders lime or barytic water turbid, and 
that it undergoes no further diminution when mingled 
with oxygen gas ; it is therefore a mixture of carbonic 
add and nitrogen gas. 

Experiment. IX« 

Jfitrom gas mahUedfiS the combustion of phosphorus when 
ihtroduced in a state of actual infiamma^ian. 

Though phosphorus may be fused and even sublimed 
in nitrous g<}s without producing the slightest luminous 
appearance, if the gas be perfectly pure ; yet if a bit of 
phosphorus be placed in a copper ladle, then inflamed 
and inb-oduced into the gas when in. a state of actual in- 
flammation, it bums with almost as much brilliancy as in 
oxygen gas. 
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RATiONALE....The rationale of this experiment proves 
that at the heat of ignition, phosphorus is capable of dis* 
turbing the et^uilibrium of the affinity subsisting between 
oxygen and nitrogen in nitrous gas, on which account it 
attracts the former from the nitrous gas, «nd leaves the 
latter behind. 

£xPERfMEHT X* 

Nitrous gas inflames charcoal when introduced in a state 

of ignition* 

If a piece of chnrcoal thoroughly ignited be introduced 
into iiiuous gas there will also be a vivid inflammation; 
this cxpt rimt-nt may likewise be performed by setting hi e 
to the chi rcoal confined in nitrous gas hy means of a 
burning lens. 

RATiONAt£«...The charcoal at th^ temperature of ig- 
. nition decomposes the nitrous gas by subtracting its oxy- 
gen ; .hence carbonic acid is formed, whieh may be evin- 
ced by admitting to the residuary gas a solution of boiy* 
tes, strontift) or lime in water* 

Experiment XL 

Nitrous gtts is txltsorhed by green muriiae^ sulphate^ and 

fiitrate of iron* 

A very concentrated solution of pure green muriate of 
iron (prepared by dissolving iron filings perfectly free 
from rust in muriatic acid, evaporating the solution brisk- 
ly; and preserving it from the contact of atmospheric air) 
is extremely well calculated to ascertain the quantity of 
nitrogen gas contained in a giye9 quanti^ of nitrous gas 
in an easy manner. 

To prove the absorption of nitrous gas by this means, 
it is only necessary to agitate in a graduated tube a quan- 
tity of the gas in contact with the solution ; the grt'en so- 
lution of iron \\\\\ soon assume a brown colour, the gas 
will be diminished, and the f^ohition ascend into the tube. 

A solution of pure green sulphate oi iron (prepared bv 
dissolving clean iron filings in sulphuric acid, and then 
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agitating the solution in contact with siilphnrated hydro- 
gen cr^ts) answers ihe same purpose. Pale greeo mtratc 
of iron may Ukewisc be used with ad\ antagc. 

Rationale.. ..The ahsorptif n of the nitrous gas, by 
means ol thtsc solutions, lakes j l ice w ithout any decom- 
position of it at coniriion temperatures. It depends mere- 
ly on an equilibrium ol affinity produced by the loilowmg 
simple attractions. 

1 . That of green oxyd of iron for the oxygen of nitrous 
gas and ^N'auT. 

2. 1 hat ot the hydrogen of the water for the nitrogen 
of the nitrons t^as ; and, 

3. 1 hat oi tlie principles of the sulphuric acid for ni- 
trogen and hydrogen. 

Rem ARK....Thatthi8 is the true cause of the absorption 
professor Davy has suficientiy proved in hijs ResearcheS| 
p. 176. Vauquelin and Humbolt have been mtstakeii with 
regard to Its natuie the products they obtained must 
have arisen Ipom the ^posure of their impregnated solu* . 
tions to the atmosphere. 

The abaorptioD of oitrcHis gas by means of these sola* 
tions of iron is proportionable to jhc degree of the concen* 
Iration of the solution. 

Seventy<-five cubic inches of concentrated solution of 
muriate of iron absorb about 1 8 of nitrous gas. Sulphate 
of iron absorbs onlf one half of this quanti^s the gss 
absori)ed may be expelled agam by heat. 

Nitrous gas (according to Javjr) is also absorbed by 
means of white prufisiate of iron, m contact with water ; 
by sulphate of tin ; sulphate and muriate of zinc at the 
minimum of oxydation t and probably by many other me- 
tallic solutions hitherto not tried. 

In factf whenever the metals capable of decomposing 
water exists in solution at their-mmimtMi of oxydation* the 
affinities exerted by them on nitrous gas and water wiU 
be such as to produce combinations ; the powm of metal- 
lie solutions to combine with nitrous gas at common tem- 
peratures, as well as to decompose it at higher tempera- 
tur<-s, Davy supposes to be probably in the ratio oi the 
affinity of the metailicoxyds they contain ior oxygen. 

* Anittlea de pbiaue, torn. 88j p. IST* 
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Experiment XIL , 

Decomposition of nitrous gas by nascent hydrogen gas. 

When nitrous gas is exposed to wetted iron filings, a 
diminution of its volume slowly takes place ; the iron be- 
comes oxydatcd, and ammonia is formed. 

For performing this experiment, w^etted iron filings 
may be exposed on a shallow dish or plate supported by a 
stand to the action of the gas contained in a broad receiv- 
er; the vessel containing the iron filings may next be 
removed by withdrawing it through the water, and the 
remaining gas may be made the subject of experiment. 

This decomposition of nitrous gas is more quickly ef- 
fected by putting plates of iron into a solution of nitrate 
of copper. - » • . 

RATiONALE....The water in contact with the iron is 
decomposed by virtue of the affinity subsisting between 
its oxygen and the iron. Its hydrogen, with a portion of 
oxygen, at the same time attracts the nitrogen of the ni- 
trous gas, and produces water, ammonia, and nitrous oxyd. 

REMARK....That the iron is not oxydated in this process 
at the expence of the oxygen of the nitrous gas becomes 
obvious, when we consider that water is essentially ne- 
cessary to produce the decomposition ; for dry iron 
filings effect no change whatever in nitrous gas at the usual 
temperatures. 

Alkaline sulphurets moistened with water, put into a 
vessel filled with nitrous gas, decompose it in a short 
time ; the remaining gas is no longer reddened by the 
contact of air, the greatest part is nitrous oxyd. 

* • • * . .1 , • 

Experiment XIII. ' 

' . • < .. - • • ~ 

J • • • 

Nitrous gas is decomposed by exposure to zinc and water. 

When nitrous gas is exposed to a large surface of zinc 
in contact with water, it will be slowly converted into 
nitrous oxyd ; at the same time that ammonia is genera- 
ted and white oxyd of zinc is formed, if the process is suf- 
fered to go on for a considerable time. : 
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RATioifALE«..»The8e phenomena depend, like the for- 
mer, upon the decomposition of water by the affinities o£ 
part of the oxygen and nitrous gas, for its hydrogen to 
form ammonia and water* 

RsMARKkM.Zinc placed In contact with water, and 
confined, by mercury, decomposes it, as Davy observed^ 
at common temperatures* But zinc, when perfectly dry, 
does not in the slightest degree act upon nitrous gas* 
Van Maram remarked that tin, lead, iron, and mercury, 
were all o^dated by taking the electric spark in contact 
with nitrous gas. Davy, who has made the greatest num- 
ber of experiments concerning the nature of nitrous gas, 
considers the analysis of it by charcoal as affording data 
best calculated for determining the respective quantities 
of nitrogen and oxygen in a given hulk of nitrous gas, and 
correcting it by mean calculations derived from the de- 
composition of nitrous gas by pyrophorus and hydrogen, 
and its conversion into nitrous oxyd, cr^nckided that 100 
grains of nitrous gas are composed of 55.95 of oxygen and 
44.05 of nitrogen gas ; or taking away deciinals of 56* 
oxygen and 44. nitrogen gns. This estimation agrees very 
well with the mean proportions of Priestley's experiments. 
But as Priestlev never nsrcrtaint d the absolute pnritv of 
the j^as he made use ot, and prohablv emploved diff'crent 
kinds, in different experiments, it is impossible: to iix oq 
any one from v/hich accurate conclusions can be (]rawn. 

Lavoisier's estimation of the respective quantities of 
oxygen and nitrogen gas entering into the composition of 
nitrous gas has been generally adopted. He supposed 64 
parts of nitrous gas to be composed of 43| of oxvgen and 
20^ of nitrogen gas. The difference between this and 
Davy's account is very great indeed ; but Daw* has 
pointed otit many sources of error in the experiments of 
this great man concerning the decomposition of nitrate of 
potash by charcoal, which were fundaaieiital to His ac- 
count of the composition of this gas.f 

* Researcliei chemical and philosophical, 1800, Div. 1. 

■f Davy*s proportions :>n- hy W(-);^lit 56 o^yp^en 44 nitrogen. From the 
experiments and deductioiiii otTJienurd und Dalton 

Atmospheric air by measure consists oi 20 parts ox^g^n 80 nitrogen. 
Nitrouaoxyd . . 33j>3 . 66,66 

Kitrons g^s , . . j" .50 

Nitrous acid vapour • . 62,5 . 37,5 

Nitric acid ... 66,66 . 33,33 T.G 
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GASEOUS OXYD OF NITROGEN; OR " 
NITROUS OXYD. 



PART XXVI. 



THE combination of nitrogen and oxvgen, which wc 
considered before under the name of nitrons gas, does 
not constitute the first degree of oxygenation ol niirogen ; 
there is another degree below this. This combmntion was 
formerly called dephlogisticated nitrous gas, but now ga- 
seous oxyd of nitrogen, or nitrous (jxyd. It was first dis- 
covered by Priestley. Its nature and properties have 
dnce been investigated (though not very accurately) by a 
society of ^Dutch chemists. 

Professor Davy has examined with wicommon accu- 
racy th^ formation and properties of all the substances 
' concerned in its production. He has detected the sources 
of error in the experiments of Priestley and the Dutch 
chemists, and to him we are indebted for a thorough 
knowledge of this gas. We shall therefore exhibit the 
philosophy of this gaseous fluid as we find it iq l^s re- 
searches concerning the nitrous oxyd» 

s : ■ 

SECT. I. 



PROPERTIES OF GASEOUS OXYD OF 

NITROGEN. 

GASEOUS oxyd of nitrogen exists in the form of 
permanent gas. A candle burns with a brilliant flume 
and crackling noise in it ; before its extinction the 
white inner flame becomes surrounded with a blue one. 

VOL. I. 41 
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PliDsphonu introduced into it, in a state of actual inflam- 
mation, burns with increased splendour, as in oxygen gas. 
Sulphur introduced into it when burning with a feeble 
blue flame is instantly extinguished ; but when in a state 
of vivid ijiflammatton^ it burns with a rose-coloured flame* 
Ignited cliarcoal burns in it more brilliantly than in at- 
mospheric air. Iron \\ ire, with a small piece of wood af- 
fixed to it when inflamed, and introduced into a vessel 
filled with this gas, bums vehemently, and throws out 
bright scintillating sparks* No combustible body how- 
ever bums in it unless it be previously brought to a state 
of vivid inflammation. Hence sulphur may be melted, 
and even sublimed in it ; phosphorus may be liquefled in 
it without undergoing combustion. Nitrous oxyd is pretty 
rapidh absorbe d h\ water that has been boiled ; a quantity 
of gas equal to rinlur more than hall' the bulk of the wa- 
ter may be thus made to disappear ; the water acquires a 
sweetish taste, but its other properties do not differ per- 
ceptibly from common water. The whole of the gas may 
be expelled again by heat. It does not change blue ve- 
getable colours. It has a distinctly sweet taste, and a faint 
but Jigreeable odour. It undergoes no diminution when 
mingled with oxv^t n or nitrous gas. Most of the liquid 
inflammable bodies, such as ether, aleohul, volatile and 
iat (jils, absorb it rapidly and in great quantity. Acids 
exert l)ut little action on it. The atlinitv of the neutro- 
saline solutions for gaseous ox\ ci of nitrogen is very fee- 
ble. Green niiii tate and green sulphate oi iron, whether 
holding nitrous gas in solu.iun or not, do not act upon it. 
None of the gases, when mingled with it, suffer any per- 
ceptible change at common temperatures ; the muriatic 
and sulphureous acid gases excepted, which undergo a 
slight expansion. Alkalies freed from carbonic acid ex- 
posed in the dry or solid form have no action upon it ; 
they may however be made to combine with it in the na- 
scent state, and then constitute saiine compounds of a pe- 
culiar nature. These combinations deflagrate ulrhen heat* 
ed with charcoal, and are decomposed by acids ; the ga- 
seous oxyd of nitrogen being disengagcfd. It undergoes 
no change whatever from the simple effect of light. The 
action , of the electric spark for a long while continued, 
converts it into a gas analogous to atmospheric air and ni* 
^ trous acid ; the same is the case when it is made to ^ass 
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through an ignited earthen tube. It explrxlt-s with h\ dro- 
gen in a varietv of proportions at very high tc nipLratui cs ; 
for instance, whea electric sparks are made to pass 
through the mixture. Sulphurated hydrogen, heavy and 
light carbaiHited hydrogen gases, and gaseous oxyd of 
carhon, likewise hurn with \X when a red heat is applied* 
100 parts by weight of nitrous oxyd contain 36*7 of oxygen 
and 63;3 of nitrogen \ 100 cubic inches weigh 50 grains 
at 55* temperature and 30 atmospheric pressure* Ani* 
mals when wholly confined in gaseous oxyd of nitrogen 
give no signs of uneasiness for some moments* but diey 
soon become restless and die* When gaseous oxyd of 
idtrogen is mingled with atmospheric air, and then re- 
ceived into the lungs, it generates highly pleasurable sen-^ 
sations ; the effects it produces on the animal system are 
eminently distinguished from every other chemical agents 
It excites every fibre to action, and rouses the faculties of 
the mind, inducing a state of great exhilaration, an irre- 
sistible propensi^ to laughter, a rapid flow of vivid ideasi 
and unusual vigour and hmess for muscular exertions, in 
some respects resembling those attendant on the plea- 
santest period of intoxication, without any subsequent 
languor, depression of nervous energy, or disagreeable 
feelings ; but more generally Ibllowcd by vigour, and a 
pleasurable disposition to exertion, which gradually sub- 
sides. 

Such are the properties which characterize the nitrous 
oxyd. 

The Dutch chemists and some French and German 
philosophers a^scrt^^ that it cannot be respired; that 
Id Liming phosphorus, sulphur, and charcoal, are extinguish- 
ed in it, &c. It is probable they did not examine it in a 
state of purity, for it is othcrw ist; difficult to account for 
these and many other erroneous opinions* 

METHODS OF OBTAINING GASEOUS OXYD 

OF NITROGEN. 

Gaseous o^iyd of nitrogen is produced when substances 
having a strong affinity with oxygen are brought into 

• Grcn's Principles of Chemistry, 1800. Schetor's Introduction 
the Knowledj}^ of Gaseous Bodies, 1801. 
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contact with nitric at id, or with nitrous gas. It may 
there lb re be ohtaincd by various processes, in whicll 
nitrous gas or nitric acid is decomposed by substances 
capable of attracting the greater part of their oxygen. 
The most commodious and expeditious, as well as the 
cheapest mode of obtaining it, is by decomposing nitrate 
of ammonia, id a eeirtain temfierature» m the following 
manner. 

1* Introduce into a glass retort some nitrate of ammo- 
msLf and apply the beat of an Argand's lamp ; the salt will 
soon liquefy, and when it begins to boil, gas will be evolv- 
ed. Increase the heat gradually till the body and neck 
of the retort become filled with a semi*tran8parent milky- 
white irapour. In this state the temperature of the fused 
nitrate is between 340^ and 480^. After the decompo- 
sition has proceeded for a few minuteSt so that the g9S 
evolved quickly enlarges the flame of a taper held near 
the orifice of the retort, it may be collected oyer water, 
care being taken during the whole process never to sufier 
the temperature of the fused nitrate to rise above 500* 
Fahr* which may be easily judged of, from the density of 
the vapours in the retort, and from the quiet ebullition of 
the fused nitrate ; for if the beat be increased beyond this 
point the vapours in the retort acquire a reddish and more 
transparent appearance ; and the fused nitrate begins ta 
rise, and occupy twice the bulk it did before. The ni- 
trous oxyd afit r its generation is allowed to stand over 
water for at least six hours, and is then fit for respiration 
or other experiments. (^See Appendix 26.) 

K A'l los A LF....Nitrnte of ammonia consists of nitric 
acid aiul aiumonia ; nitric acid is composed of nitrous 
gas and oxygt-n , nnd annuonia consists of hydrogen and 
nitrogen. At a temperature of -11)01^1 480'' the attractions 
of hydrogt 11 for nitrogen in ammonin, and that of nitrous 
gas for oxygen in nitric acid, are diminished ; while, on 
the contrary, the attractions of the h^ drogen of annrionia 
for the oxygi n of the nitric acid, and that of the remaining 
nitrogen of the ammonia for the nitrous gas of the nitric 
acid, are iiu rraM-d: htnce all the ibrmtr affinities arc 
broken, nnd new ones produced, namely; the hydrogen of 
the ammonia attracts the oxygen of the nitric acid, the 
residt of which is water ; the nitrogen of the ammonia 
conibiiKs with the liberated nitrous ^as, and forms nUrous 
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oxyd* The water and nitrous oxyd produced probably 
exist in binary combination in the aeriform state at the 
temperature of the decomposition. / 

Such is the philosophy of the production of gaseotis 
oxyd of nitrof^en, by decomposing nitrate of ammonia at 
that tcnipei atu;-e, given by Davy. 

To illustrate this complicated [^hu oi af]init\- more fully, 
the following bkctcinnay not be deemed superiiuous. 



DIAGRAM, 



KXiilBTTIIVa THB PR0BCCTIO17 OF GASEOUS UXYO OF HITR06SK, Br 

BWBoxFoniro smuTB of ahkovta at 480^ fabb. 
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Rem ARK.... Professor Davy has likewise pointed out, 
that when the heat employed for decomposing nitrate of 
ammonia is raised above the before-stated temperature, 
another play of allinities takes place ; the attractions of 
nitrogen and hydrogen lor each other, and of oxygen for 
nitrous gas, are still more diminished, whilst that of nitro- 
gen for nitrous gas is totally destroyed, and that of hydro- 
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^ gen for oxvgen increased to a greater extent. A new at- 

* traction likewise takes place, namely, that of nitrous is 
for nitfic acid to form nitrous vapoury^ and a new arrange- 
ment of principles is rapidly produced : the nitrogen of 
the ammonia having no affinity for any of the single prin- 
ciples at this temperature, enters into no binary compound; 
the oxygen of the nitric acid forms water with the hydro- 
gen, and the nitrous gas combines with the nitric acid to 
form nitrous vapour* 

All these substances most probably exist in combination 
at the temperature of their production ; and at a lower 
temperature assume the form of nitrous acid^ nitrous gas^ 
mtro^en^ and xvater ; and hence we see the necessit}' of 
not heating the nitrate of ammonia above the before- 
stated temperature. 

On account of the rapid absorption of gaseous ox>'d of 
nitrogen by water, it is economical to preserve the fluid 
which has been used to confine this gas, and to make use 
of it for collecting other quantities of it* In order to 
hasten its production, the nitrate of ammonia may be pre-- 
viously freed from its water of cn-stallizatidn by gently 
fusing it in a glass of Wedgwood's basin for a few mi- 
nutes, and theu kcfj^ng ii for use in a well-stopped botde* 

2. Nitrous ox\ d may likewise he obtained by exposing 
common niirous gas to nikalinc sulphites, particularly to 
sulj)hite of potash containing its full qunntitv of water of 
cr} stallization* The nitrous ox) d produced from nitrous 
gas by sulphite of potash, has all the properties of that ge- 
nerated from the decomposition of nitrate of ammonia. 

• Ration ALE.. ..The conversion of nitrous gas into ni- 
trous oxyd by these bodies, depends on the abstraction of 
a portion of its ox\ gen l:>v the greater affinity of the sul- 
phite presented to it. The nitrogen and remaining oxy- 
gen asbumc a more condensed State of existence, and con- 
stitute nitrous oxyd. 

3. Nitrous oxyd may also be ol)tained bv mingling to- 
gether nitrous gas and sulphurated hydrogen gas. The 
volume of gases in this case is diminished, sulphur depo- 
sited, ammonia, water, and nitrous oxyd are formed. 

RATiONAL£..««The change of principles which takes 
ptace in this experiment depends upon the combination of 
the hydrogen of the sulphurated hydrogen gas with dif- 

* Hence the reddish vapour in the rctor^ stated before, p. 324. 
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ferent portions of tht; oxvj^cn and nitrogen of the nitrous 
gas, to form vvaicr aiul ainiiKHua, and lo deposit sulphur. 
Tlic remaining oxygen and nitrogvn being lelt in due pro- 
portion to coiistitute nitrous oxyd. 

REMAKK....Tliis singular exertion of attractions by a 
simple body appears liighly improbable, a priori ; but the , 
formation' of ammonia, and the non-oxygenation of the 
su!phur» elucidate the fact. In performing this experi- 
mentf care should be taken that the gases should be ren- 
dered as dry as possible ; for the presence of water const* 
derably retards the decomposition. 

4. Nitrous oxyd may also be produced by presenting 
alkaline sulphurets to nitrous gas* Davy observed that a 
solution of sulphuret of strontia or barytes answers this 
purpose best. 

KATK>NALE«...This decomposition of nitrous gas is not 
solely produced by the abstraction of oxygen from the 
nitrous gas to form sulphuric acid* It depends equally 
on the decomposition of the sulphurated hydrogen dis- 
solved in the solution or liberated from it. In tiiis pro- 
cess sulphur is deposited, and sulphuric acid formed* 

5. Nitrous oxyd is obtained in many circumstances si- 
milar to those in which nitrous gas is produced. Dr. 
Priestley found that nitrous oxyd was evolved, together 
with nitrous gas, daring the solution of iron, tin, and zinc, 
in nitric acid. 

RATioNALE....It is diiHcult to ascertain the exact ra- 
tionale of these processes, for very complicated agencies 
of affinities take place. Either the nascent hydrogen aris- 
ing from the decomposition of the water by the metallic 
substance may combine with portions of the oxvgen and 
nitrogen of the nitrous gas ; and thus by forming water 
and ammonia, convert it into nitrous oxvd ; or the me- 
tallic subst.mre may attract at the same time oxvgen from 
the water and nitrous gas, whilst the nascent hx clroirrn of 
the water seizes upon a portion of the nitrogen <»f the 
nitrous gas to form ammonia. The analogy betw eLn this 
process and the decomposition of nitrous gas by sulpliurat- 
cd hydrogen, renders the first opinion most probable. 

Such are the principal methods of obtaining nitrous 
oi^d. There are no reasons, Davy thinks, for supposing 
that nitrous oxyd is formed in any of the piucLsses of 
nature ; and the nice equilibrium of affinity by which it is 
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ccmstituted forbids as to hope for the power of composing 
it from its simple principles. We must be content to 
produce it artificially. 

8BCT.S. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIKS OF GASiiOUS OXYD OF JSllROGEN. 

EZPEEIHERT I. 

Gaseous oxyd of nitrogen is rapidly absorbed hy waters 

FIEL a glass c\rinder or graduated tube with water 
previoLislv boiled, and invert it in a basin of the same 
fluid, iiuving done this, send up into it a quantity of 
nitrous oxyd, and mark the level ol the watci in the cylin- 
der. Then agitate it for a few minutes in the water, and 
the bulk of the gas will be seen considerably diminishing. 
Wateir may thus be made to absorb about one half of its 
own bulk of gaseous oxyd of nitrogen* 

On boiling the water, the gas which was absorbed wiH 
be liberated, possessing all its former properties* 

If nitrous oxyd be repeatedly exposed to water, die 
residual gas will be the common air previously contained 
in the water, and from which it can in no case be perfectly 
freed by ebullition ; this air becomes separated on ac- 
count of the ^;reater affinity of water Ibr nitrous oxyd. 

The quantity of common air thus produced generally 
amounts to about part of the volume of water. 

The absorption of nitrous oxyd by the inflammable fluids 
enumerated before may be evinced in a similar maimer. 
{See Appendix No^ S7.) 

EXPERIMCNT II. 

Combustible bodirfi do Jiot burn in g'cLscoiis oxyd of nitrO' 
gen^ except when in a state of actual in^ammation^ 

Fill a jar over mercur>' with gaseous oxyd of nitrogen, 
and keep it over that fluid ; introduce into it a small piece 
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of sulphur, camphor^ or phosphoruSf and touch theae sub- *. * 

' stances with a bent wire heated to a dull redness. The 
sulphur, camphor, or phosjAorus, will melt, and contt- 4 
nuingt he heat may even be made to sublime in the gas, ' 
but Ino accension will take place. 

But that the gas is capable of maintaining the combus- lo- 
tion of inflammable substances becomes evident from the • . 
following facts : . . « 



Experiment III. 



Cofnlmstion of the taper in g^aseoiis oxjfd of nitrogen^ 

Immerse a lighted taper into ajar filled with nitrous ^ 
oxyd. The flame of the taper will become instantly 
larger ; it will first burn with a brilliant white flame, and* 
sparkle as in oxygen gas. As the combustion goes on, 
the lustre of the flame diminishes ; it gradually lengthens, 
and becomes surrounded with a pale blue cone of light, 
from the apex of which much unburnt charcoal is thrown • 
off in the form of smoke. The flame continues double 
to the end of tiie process. - - 5> . * •" . f * 

*■/ » - - ■ . ' ' <^ 

•■ - . i\ . ' - . '.V. 

, ■ r '■'■.'EXPJBRIMENT IV. - 




• ■ • '\ - ' \',- .' ' ' ' '. - ' ' ' • 

^ rifo^ 1i pleob o{ phosphorus of the size of a pea intq % 

co^er ladle, set m to the phosphorus with a ms^tch, and 

^qoicihr inttodtice it^mft) a jar 'tt^^i^ th^ gas»V ^Tbe 

ptioM^^^^^^ e6tHI«y&to bu|S(^^ 

equd^'lia^'iSilit in-oxygen gas. ••^^^ ■•v'^'j^'^^ ' A*. '*:■'' 

The accension io^ phosphorus may like#i«$ be evinkcid 

in the foUbwing inaniaer^^>Vii'''r^^^^ % . . , 

■ A'; .Experiment V. * , 

Fill a strong glass cylinder over mercury, one-eighth 
full of gaseous oxyd of nitrogen ; send up into it; a few 
VOL. I. 42 • • ; • ' 
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grams o{' phospliorus, heat a bent iron wire ivhitp-hof^nnd 
intiodiice it quickly through the mercurv to touch the 
phosphorus, ^ hich thus will take £re instantly with a 
considerable detonation. 

RFMAKK,...This experiment requires caution : the cy- 
iinder in which the phosphorus inflamed should be very 
strong. The gaseous oxyd employed should not exceed 
one-eighth of the capacity of the jar. The wire for the 
inflammation ought to be very well curved, so as to be 
expeditiously introduced into the jar, and capable of being 
quickly withdrawn. We have witnessed several acci- 
dents where the detonating jar burst during this expe- 
riment. 

Another vexy successful method is as follows. 

• Experiment VI* 

I.c t the jar containing the gaseous oxyd of nitrogen be 
plated over mercuty ; introduce the phosphorus in a small 
tube containing oxygen gas, so balanced as to swim on 
the surface of the mercury without communicating with 
the gaseous oxyd. The phosphorus is then fired in the 
Quy^gOk gas with an ignited iron wire ; by which, at the 
moment of combustion, the tube containing it . must be 
raised into the gaseous oxyd» and thus the combustion 
continues* 

Experiment Vll. 



Sulphur burmng -with afcMe 6kt€ fame hecomeM mUantiy 
extinguished in gaseoue 0xyd of nitrogen. 

Put apiece of sulphur into a copper ladle, set fire to it 
by mcana of a candle, and when it begins to burn w ith a 
blue feeble flame, introduce it into ajar filled with gaseous 
oxyd of nitrogen. 1 he sulphur will be extinguished the 
instant it is plunged into the gas. 

But that sulphur may be made to bum in it becomes 
obvious from t^e folio wing 

• £s:pbriment.VIIL 

Sulphur^ in a state of vivid infuimmatioii^ biinif; rvitk 
rose-coloured Jiame in gazeous oxydof nitrogen* 

Dip a slip of copper" into melted sulphur i when cold 
^ct fire to it, and when in an victual state of combusUon 
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introduce it into a jar filled with the gas, it will continue 
burning with a beautiful flame veiy much enlarged a&d of 
a vivid rose-colour. ^ 

This experiment nray be more accurately performed 
in the same manner as t»»e inflammiu.ion of phosphorus ; 
namely, by introducing it into the small vessel filled with 
oxygen gas, and igniting it by means of the heated wire. 

EZPSRUIEMT IX. 

Detonation of gaoeous oxyd of nitrogen with carbonated 

• hydrogen gae* ^ 

Nitrous oxyd and carbonated hydrogen gas possess no 
action on each other except at high temperatures. But 
when mingled together in certain proportions and expos- 
ed to the electric spark, a new arrangement of their prin- 
ciples takes place. This may be proved in the following 
manner. 

Mingle together in a detonating tube 35 parts of gase- 
ous oxyd of nitron;eu> and 15 of carbonated hj drogen gas. 
On passing the electric spark through it, the inflammation 
will be very vivid, and the light produced, bright red. 
After the explosion, the space occupied by the gases will 
be about 60. 

When 22 parts of nitrous oxyd and 20 of hydro-carbo- 
nate are exploded, the residue fills a spiice equal to 45. 

If stroniia water be brought into contact with the gas 
after the detonation, a white precipitate is instantly form- 
ed and a diminution takes place. On presenting nitrous 
gas to this residue, the gas again becomes diminished. 

RATioNAL£»«».Rea8oning from analogy, there can be 
little doubt but that when carbonated hydmgen gas is In* 
flamed with excess of gaseous oxyd of nitrogen^ it win be 
only partially decomposed or converted into nitrogen, 
mtrous acid, and atmospheric air. 

EXPSRIHCMT X, 

Gaseous oxyd oJ nitrogen and phosphorated hydrogen gas 

detonate likewise* 

Pos{^imted hydrogen gas, and gaseous oxyd of nitro- 
gen, exert no action upon each other at common tempera* 
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tures ; but that they may be made to act upon each other 
at a very high temperature the following experimeats will 
, prove. 

1. Mix ten grain measures of phosphorated hydrogen 
gas and 52 of gaseous oxyd of nitrogen in a graduated 
detonating tube, and pass the electric spark through it. 
A very vivid inilammatinn will take place, and the tube 
Vill be filled with white vapour. The volume of the gas 
left behind will fill a space nearly equal to 60. On 
agitating this fluid in contact with water no absorption 
will take place. On admitting nitrous gas a diminution 

' Rationale. ...It appears from this experiment that 
when a small quantity of phosphorated hydrogen gas is 
infiamed with gaseous oxyd of nitrogen, both the phos- 
phorus and hydrogen are consumed ; whilst the supera- 
bundant gaseous oxyd is converted into nitrous acid and 
atmospheric air by the ignition ; or a certain quantity is 
partially decomposed into atmospheric air by the combi- 
nation of a portion of its oxygen with the combustible 
gas. 

2. Twenty- five parts of gaseous oxyd of nitrogen, 
mingled with 10 of phosphorated hydrogen gas, may like- 
wise ht inflamed. After tlie detonation, white dense va- 
pours become visible, and the gas left occupies a space 
equal to 25. The residtiary gas is not absorbable by wa- 
ter : on admitting a solution of green sulphate of iron, or 
prussiate of potasli, no bine or green precipitate is pro- 
duced : i iit ii 25 parts uf niuouis gas are mingled with it, 
the result w'lU be oO. 

Rationale.. ..From this experiment v/ekani that when 
phosphorated hydrogen gas and gaseous oxyd are to each 
other as 25 to 10, they both disappear, whilst nitrogen is 
evolved, and water and phosphoric acid produced. Rea- 
soning concerning the composition of gaseous oxyd of ni- 
trogen from this result, we should conclude that it was 
composed of about 38 oxygen and 62 nitrogen. 

3. Ten grain measures of gaseous oxyd, mingled with 
20 of phosphorated hydrogen gas, cannot be inflamed. 

4. Twenty-five of gaseous oxyd of nitrogen with 20 
of phosphorated hydrogen gas inflame readily. The gas 
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. after detonatioA is likewise opaque, and fills a space equal 
to about AS* The residue is not iqpscible with water ; no 
white fumes are produced by admitting oxygen gas. 

RATiOHAXE.*..Here we are taught that the affinity of 
phosphorus for the oxygen of gaseous oxyd of nitrogen 
IS stronger than that of hydrogen at the temperature 
ignition ; so that when phosphorated hydrogen gas is min^ 
gled with k quandty of gaseous oi^d of nitrogen, not oon- 
t^ning sufficient oxygen to bum both its constituent partSf 
the phosphorus only is consumed^ and the hydrogen is U- 
ben^d* 

« 

• £xr£RniXNT XL 

♦ 

Combmtioii of charcoal in gaseous oxyd of nicrogen, • 

This experiment is best performed by introducing a 
small piece of charcoal into a jar filled with nitrous oxyd, 
confined by mercury, and then applying the focus of a 
burning lens. The charcoal will thus take fire, and bum 
vividly. 

It may likewise be performed by fixing a piece of well- 
bai nt charcoal to a copper wire, igniting the charcoal a^im- 
pletcly, and introducing it into the gas. 

EXPKRIXSNT XII« 

Combustion of iron in gaseous oxyd of nitrogeiu 

The experiment may ^e performed in a manner similar 
to the combustion of iron in oxygen gas, or more accu- 
rately, by setting fire to the touch- wood a&xed to the 
wire by means of a burning glass. 

Experiment XIII. 

Combustion of zinc in gaseous oxyd ofnitrogen* 

Take shavings of zinc, form them into a ball, in the mid- 
dle of which a few grains of phosphorus must be included 
afiix the ball of zinc shavings to a copper wire, set lire to 
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the phosphorus, and introduce it into a receiver filled with 
the gas. The zinc .will thus be made to burn w ith a 
* beautiful white flame, surrounded by a green one, and 
dense white vapours of oxyd of zinc will fiU the receiver* 

Experiment XIV* 

Accenshn of pyrophorus in gaeeouo oxyd of niirog'en* 

Pyrophorus, which readily inflames in nitrous gas and 
in atmospheric air at a low temperature, requires for its 
. combustion in nitrous oxyd a much greater degree of heat* 
It will not bum in it even at 212*. In order to. inflame 
pyrophorus in gaseous ojYd of nitrogen over mercury, the 
wire must be strongly heated, but not ignited* The 
pyrophorus then takes fire, and burns with a splendid 
white light, greatly resembling that, produced in oxygen 
gas. 

INFERENCES. 

From the preceding experiments it becomes evident 
that the inflammable bodies in general require for their 
combustion in gaseous oxyd of nitrogen much higher 
temperatures than those in which they bum in oxygen gas 
or atmospheric air* When intensely heated, they decom- 
pose it with the production of much heat «nd light, and 
become oxygenized* During the combustion of soHd or 
fluicl bodies producing flame in it, nitric acid is generated, 
and that probably from a new arrangement of principles 
analogous to those stated before. JLikt^ise, when gaseous 
oxyd of nitrogen in excess is decomposed by in&imma* 
ble gases, nitrous acid, and sometimes a gas analogous 
to common air» is produced, doubtless IrcMn the same 
cause* 

Pyrophorus is the only body that inflames in gaseous 
oxyd of nitrogen below the temperature of ignition* 

Phosphoms bums in it with a blue flame, probably 
forming with it only phosphorous acid a little above a dull 
red heat ; but when heated more intensely, phosphoric 
acid is produced* 
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Charcoal, sulphur, iron, and the' compound inflamma- 
ble bodies, decompose this gas only at temperatures 
equal to or above that of ignition, probably each . at a dif- 
ferent temperature* . 

' The double flame produced during the combustion of 
charcoal depends on the production of nitrous acid formed 
during the process ; for it may be produced by plunging 
the uper into common air containing nitrous acid vapour, 
or in a mixture of gaseous oxyd of nitrogen and nitrogen 
gas, through which nitrous acid has been diiFused. it is 
never perceived in the combustion till much nitrous acid 
is formed. 

If a taper be suffered to burn in a mixture of equal 
parts ot gaseous oxyd of nitrogen and nitrogen gas, it 
burns at first with a flame nearly the same as that of a 
candle in common air, \v hi tish yellow. Before its extinc- 
ticm the interior white iiame and exterior blue one are 
perceived. 

Nitrous oxyd is therefore a gas unalterable in its con- 
stitution at temperatures below ignition. It is composed 
of oxygen and nitrogen, existing most probably in the 
most intimate union which those substances are capable of 
assuming. For it is unalterable by those bodies which 
are capable of attracting oxygen from nitrous gas and ni- 
trous acid at common temperatures. The properties of 
nitrous oxyd approach to those of acids. (See Appendix 
No. 28.) 



AMMOHIi^ 

oft 

AMMONIACAL GAS. 



PART XXVII. 



SECT. 1 

THIS gas was fint discovered by Or. Priestley* It is 
composed of hydrogen and nitrogen, rendered gaseous by 
the addition of caloric 

PROPLKTIES OF AMMONIA. 

Ammoiilacal gas has a strong and very pun;^nt odour. 
It extinguishes flame, yet it increases the ina;^iiltu(lc of 
the flame of a taper beiurc extinctioD, producing a pale 
yellow colour round its edge. Animals cannot breathe 
it without death ensuing. It is lighter than atmospheric 
air, in the proportion of three to five. It tinges yellow 
vegetable colours brovn» and blue ones green. It is ra- 
pidly absorbed by cold water ; by ardent spirit, essential 
oils, ether, charcoal, sponge, bits of linen cloth, and all 
poroYis bodies* 

When a piece of ice is brought in contact with this gas, 
it meks and absorbs the gas, while at the same time its 
temperature is diminished. It has no effect upon oxygen 
gas while cold ; but when made to pass with it through 
an ignited tube, it detonates, and becomes decomposed. 
The same is the case with common air. It is also de* ' 
composed by phosphorus at high temperatures* 
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It does not explode when mixed with hydrogen gas* 
Nitrogen gas has no effect upon it. Atmospheric air does 
not combine with it at common tf mperaturesf but only 
mixes with and dilutes it» When made to pass through 
ignited charcoal, it fiorms with it a substance called pnissfc 
acid. If brought into contact with acid gases* both gases 
lose their gaseous form and become concrete. It has 
no sensible action on earths, or on the salino-terrene sub- 
stances. It combines readily with adds, and unites fo 
sulphur when both are in a state of vapour. It reduces 
oxyds metals to their metallic state, and is decomposed 
by them* It is also decomposed by electrization and by 
oxygenized muriatic acid gas, Sec* When exposed to the 
temperature of — 46 it crystallizes, and when suddenly 
cooled down to — 68^ it assumes a gelatinous appeai^mce^ 
and has scarcely any odour.* 



* 

METHODS OF OBTAINING AMMONIA. 

1. Mix together equal quantities of muriate of ammonia 
and lime, separately powdered ; introduce them into a 
gas-bottle or retort, apply the heat of a lamp, and recetvo 
the gas over mercury. 

RATioNALB.***Muriate of ammonia consists of muriatie 
acid and ammonia ; on adding lime to it a decomposition 
takes place, the muriatic acid quits the ammonia and unites 
to the lime, in order to form muriate of lime, which 
remains in the retort, and the ammonia flies pff in thf 
state of gas. 

REMARK..«.In order to obtain the gas in a state of purity 
it is essentially necessary that a considerable quantity of 
the gas first disengaged be suffered to escape, on account 
of the common air contained in the distilling vessel 

the interstices of the ingredients. 

2. Ammonia may likewise be obtained by he^iting the 
liquid ammonia of the shops (water of pure ammonia, 
Pharm, Lond.) in a retort phiced in commimication with 
the mercurial pneumatic trough* 



" I'ourcroy und Vauqueliiij Ann. dc CliLm. XXIX. p. 289. 
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RATioNA,LEM.**Tlie ammonia contained in this liquid 
combines with caloric, asBuroes the form of ammdntacal 
gas, and parts with the water to which it was united*. 

R£KAEK.**.«The temperature of the fluid must not be 
' carried so high as to cause ^e water to be converted into 
vapour, or, if this cannot be well avoided, a small vessel 
should be interposed between the retort and the receiver i 
wluch, when liept cool, may serve to condense the aqueous 
vapour which is formed, and cause the ammoniacal gas to 
pass in a very pure and dry state* 

Ammonia is likewise produced during the spontaneous 
di^composition of animal and vegetable substances ; in these 
cases it did npt pre-exist in them ready formed,but is gene- 
rated by die union of the hydi o^x a and nitrogen contain- 
ed in them* ^ 

BBCrr. XL 

]^XrERIMSNTAL PROOFS OF THE PROPER- 
TIES OF AMMONIA. 

S^PBRIMBUT It . 

f Ammonia h abBorbed by tuater^ ardint sfirit^ 

INTRODUCE imo ajar filled with ammonia standing 
over mercury a little water, ardent spirit, or a piece of 
notstirned sponge, paper, &c. In whichever manner the 
experiment b made diere will be an absorption ; the gas 
beoomes absorbed, and the mercury rises in the jar so as 
to fill it entirely, provided the gas be sufficiently pure. 

If water be presented to this gas in the state of ice, 
It melts rapidly* 

Rem ARK.*... Water which has absoriied the gas acquires 
its peculiar odour, and constitutes what is called liquid 
ammonia, or, more properly, solution of ammonia in wa« 
ten From this fluid the gas may be again .liberated by 
heatr 

Experiment Ih 

Jtmmorua eacttng^hea &^ht^ but increases the magnitude 
of the fame before its extinction* 

A buruMig taper dipt several times successively into a 



Digitized by Google 



• Proofs of Properties of Ammoma* 339 

bottle filled with ammonia is extinguished every time, 
but before its extinction the flame is enlarged by the ad- 
dition of another one of a pale yellow colour, and at length 
this light flurae extend from the top of the vessel to 
the bottom*^ If the liorhted taper be only presented to the 
mouth o' a vessel Blled with ammonia, the yellowish 
flame will rise considerably hi^er thai^ that of the taper* 

EaCPXRIMENT III» 

Ammoma It Bghter than atmospheric air* 

Let a jar filled with ammoma be placed with its mouth 
upwards, and left in that situation for a few minutes; it 
will be found to have exchanged its contents for common 
air", which, being heavier, descends and displaces the gas* 

ExPERimiT IV* 

I 

Ammonia is heavier than hydrogen gas. 

Put a quanti^ of hydrogen ^ into a long tube ; add 
to it half the quantity of ammonia^ and to this a like quan- 
tity of muriatic acid gas* The two latter gases will com- ^ 
bine and form a white cloud (muriate of aminooia) but 
the cloud will not rise within the space occupied by the 
hydrogen gas ; consequendy the latter had kept its place 
holo^ the other without mixing with it. 

That the ammonia is lighter than the muriatic acid gM 
is. shown from the formation of the white doud on their 
mixture ; for it begins at the bottom, and gradually reachea 
the top when the muriatic acid gas is last added; but 
when the ammonia is presented to the muriatic acid gaS| 
the whole becomes cloudy immediately. ^ 

Experiment V« 

Ammorua tinges yellow vegetable colours brown, and blue 

ones green* 

This mav be shown by pasting a piece of paper coloured 
yellow with turmerict or blue with cabbie j[uicc, into the 
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top of a receiver, and ek|)08iiig it to the action of t}ie gas*. 
Tne first will soon become brown, and the latter ^reen* 

The same effect may be produced by holding the pa- 
lmers over a bottle filled with water impregnated with am- 
moniiU 

Carbonic acid ffos oAd anrnonia readUif unite and form 

carbonate of ammonia* 

. Fin a vessel wtdi carbonic acid over mercuiyf and 
iidd dinmonia ; a white vs^ur wm instantly be formed^ 
he^t becoitaes evolved, the gases disappear^ and carbonate 
of ammonia ctystallizes on the inside of the vessel* 

£j(F£&IM£KT VIX* 

Ammonia become* decomposed by oxygrmssed mwriiUic actS 
gas at common temperaturesm 

4 * , 

Mix in a receiver over mercury two parts of o'Xffgsmti^ 
eimuHatic acid gas With one part, by measiire^ of ammc 
ftia* When these two bodies come in contact, a brisk de- 
foliation is pniduced, accompanied with a yellowish light} 
tfui two gases decrease in VolumCt and there is formed a 
portion of solid matter (mpriate of ammoitia) whicl\ ad* 
lieres to the sides of the vessel. The gas which mnains 
has no odour like ammonia, nor colour like muriatic acid • 
gas. It is not dissolved in water, nor does it maintain 
combustion ; it is therefore nitrogen gas* In tlie bottom 
of the vessel there is found a clear and transparent liquid, 
which is water^ holding a certain quantity oi.tfae muiiaUe 
of ammonia In solution. 

Kationale.... Ammonia consists of nitrogen and hy-. 
drogen dissolved in caloric* Oxygenized muriatic acid gas 
, consists of muriatic acid, oxygen, and caloric. On bring- 
ing the two gases into contact, a reciprocal decomposition 
takes place. The oxy gen of the oxygenized muriatic acid 
gas com}>iaes with the hydrogen of the ammonia, and 
f' !-nis water ; Avhile the nitrogen, the other component 
part of the ammonia, becomes disengaged* The oxyge- 
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uizcd muriatic acid gas having lost its oxygen, becomes 
converted into simple uiuriatic acid gns, pai l ol k unites 
to part of the ammonia (which in this experiment is pre- 
sent in too large u () i aitity to be wholly decomposed) 
and forms with it nuii iate of ammonia. The explosion, 
heat, and light, ori^in^ii j trom the liberated caloric which 
kepi the gases 'm liiLir aeriform state» ^ ^ 

Remark. ...If a smaller portion of ammonia is added 
to the above quantity of oxygenized muriatic acid gas, its 
decomposition will be complete, and no muriate of am- 
monia be produced. The results then are only muriatic 
acid and water* 

The same facts may be shown in the following man- 
ner: 

Experiment VIII* 

Fill four- fifths of a long glass tube with strong oxyge- 
nized muriatic acid, and the remaining filth with water 
strongly impregnated with ammonia, and invert it in a 
saucer of water. The ammonia, on account of its light- 
ness, will pass through the oxygenized muriatic arU! r but 
by Uius passing, a strong efFervescence is produced, the 
elastic fluid bv which it is occasioned collects in the up- 
per part of the tube, and a portion diffuses itself in the 
vessel. The gas disengaged will be found to be ni- 
trogen. 

Ration alt:. ...The explanation of tliis experiment is 
analogous to the former* 

ExplriaVIent > IX. 

DecoTnposiiio7i of cnnmonia by means of black cxyd of mail- 
gancse at a high tempcratiircJ^ 

If ammonia be made to pass over pounded black oxyd 
of manganese brought to a red heat in a Wedgwood's 
tube, connc ctrd, by means of another glass tube, with an 
empty bottle immersed in coid water or ice, abundance of 
red v:^p n s V. U soon be produced, and these will be suc- 
ceeded by white ones, condensing in the botde into a 
bright transparent fluid, which has a pungent saline 



* This is ail experiment ot Or. Milncr ot Cambrid;^^. 'I'. C. 
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taste. If this liquid be distilled to dryness by a gentfc 
heat, the product w iU be water. The residue in the retort 
Is of a white colt)ur. It fuses in the fire, detonates on 
ignited coals, and produces vapours of nitric acid bv the 
affusion of sulphuric acid, or ammonia when saturated 
with iime. It is tli refore nitrate of ammonia. The 
black oxyd of mangimese has changed its colour, being 
turned to a pale brow n, and no longer gives oxygen gas 
by the addition of heat. 

Kation ALE...In this experiment the hydrogen of the 
aninionia unites to part ol tht ox\ gen given out by the 
black oxyd oi manganese, and forms water, rhe nitrogen 
of the ammonia unites to another pai t of the oxygen, ai^d. 
produces mU ic acid ; this joins to a quantity of undecuui- 
|K)sed ammonia, and iurms nitrate ul aiumuaia. 

Experiment X. 

Decomposition of amtnonia by the electric spark. 

For tilts purpose take a detonating tube, admit into it 
about a cubic inch of ammonia and pass through it a sue- 
cesuon of electric discharges. When about <400 strong 
shocks have traversed the gas, it will have increased three 
times its original bulk. On admitting a small quantity of 
water, the gas will not, as before, be completely absorbed 
by tlus fluid, but a part will remain* Hence it appears 
that the gas has undergone a decomposition, and on exa- 
mination it wiU be found that the chemical union of the 
hydrogen and nitrogen has been broken, and that thej 
are only mechanically mixed** 

* It can ako be decomposed by Gilvauc pioceiMiy end by Fotn- 
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PART XXVIII. 



SEVERAL philosophers have paid attention to th& 
properties of this gas and its combinations ; but Berthollet 
was the first who published an accurate account of it» 
which Fourcroy and Vauquelin have lately investigated 
atiU more completely. Their p^^per (of which we have 
made use) is inserted in ihe Annales de Chimie\ IL 54)and 
copied into Nicholson^ s Journal^ vol. I. p. 318« 
. We have seen before, that when sulphur is united to 
oxygen it forms an acid. When the quantity of oxygen is ' 
sufficient to oxygenate a given quantity of sulphur com- 
pletely, the result is a perifect acid, called sulphuric acid* 
We shall now see that if a less quantity of ox}'gen is made 
use of> the result is an imperfect acid» capable of taking 
the gaseous state. To this gaseous fluid we give the 
name of sulphureous acid gas. It becomes obvious from 
this, that sulphureous acid gas has the same relation to 
sulphuric acid as phosphorus acid has to the phosphoric 
acid. At least this gas occupies the middle place between 
sulphur and sulphuric acid, which will be more evident 
when we shall speak of the formation of acids* 
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SECT. I. 

PRQP£RTI£S OF SULPHUREOUS ACID OAS. 

SULPHURKOUS acid gas is a permanently clastic 
■ aeriform fluid at the ordinarv pressure ^nd temperature 
of our atmosphere. Its odour is strong and siifFocating. 
It cannot maintain combustion, nor the respiration of 
animals. Its weight is more than do'uhle that of atmos- 
pheric air. Its specific gravity, according to Bergman, is 
0.00246, and 0.00251 according to Lax oisier. It is not 
inflammable. One hundred cubic inches of it weigh 
nearly 63 grains. It is composed, according to Fom croy, 
of 85 sulphur and 15 oxygen. It is acid ; it first reddens 
and then de.stro\ s tlie greater part of the vegetable colours. 
It exerts little action on the metals, and has a weak attrac- 
tion to alkalies and earths. It has the prupcrtv of whiten- 
ing silk, and giving it a lustre. Priestley, Bergman, Ber- 
thoUet, &c. say, that at high temperatures it deposits 
sulphur ; but Fourcroy and Vauquelin, in consequence of 
some new experiments, deny this assertion. Phosphorus 
has no action upon it. Its attraction for oxygen when dry, 
at the common temperature, is very feeble; but. if the 
smallest quantity of moisture be present, the union of the 
two gases is much favoured. At high temperatures the 
combination is more speedily effected. When a mixture 
of sulphureous acid gas and oxygen gas is made to pass 
through an ignited tube, the two gases combine, and suL> 
phuric acid is formed* When passed into water cooled 
down to the freezing point, the union is very rapid* 
Water cooled to 40 degrees absorbs one third part of its 
weight of sulphureous aci4 gas* It speedily melts ice* 
Water saturated with it may be frozen without parting 
with its gas ; but when water which has been saturated 
with it is exposed to heat, it is filled with a vast number 
of bubbles, which contiausdly increase and rise to th^ sur* 
face ; these bubbles are the gas separating from it* It is ab- 
sorbed by oil, ether, and siuphunc ^cid ; the latter when 
saturated with it acquires the property of emitting furies 
when exposed to aii- ; its colour is altexed to a yellowish 
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brown, and its odour is penetrating^, like that of the gas. 
When the acid thus saturated with the gas is exposed to 
a few degrees below the freezing point, it congeals or 
freezes into a crystalline mass. The same happens when 
submitted to distillation. It decomposes nitric and-oxy- 
genized muriatic acid, and dissolves camphor. Sulphu- 
reous acid gas and hydrogen gas have no action upon each 
other at common temperatures, but if they arc passed 
through an ignited tube, a decomposition is effected. 
Charcoal likewise decomposes sidphureous acid gas at a 
high temperature. Monge and Clouet affirm, that by ex- 
treme artificial cold and a strong pressure exerted at the 
same time, they rendered sulphureous acid gas iiuid* 

METHODS OF OBTAINIiXG SULPHUREOUS . * 

ACID GAS. 

• 

1. Take one part of mercury and four of concentrated 
sulphuric acid ; put theih into a glass retort connected 
with the pneumatic quicksilver trough, and apply the 
heat of a lamp to the mixture till it boils. On continuing 
the heat after the mercury has been acted upon, sulphu- 
reous acid gas will be obtained in abundance. 

Rationale..,. In this case a partial decomposition of 
the sulphuric acid takes place, i he mercury abstracts 
part of its oxygen, and becon^ies LonverLed inio an ox) d ; * 
the sulphuric acid, in conse(|Licm e of the loss of oxygen, 
becomes converted into sulpiiureuus acid, which takes the 
gaseous iorni at tlie coiumoa temperature. 

2. Sulphureous acid gas may likewise be obtained by 
the Ldow coniliubtion of sulphur. 

Put pounded sulphur into a shallow earthen di:>h or 
crucible ; melt and set fire to it ; and when it is completely 
inflamed, cover it with a large bell glass perfectly dry ; )^ 
remove the whole on a dish, and surround the apparatus 
with mercury. The sulphur will burn for some time, 
and the bell glass will be filled with^ white vapour. 
When the vapour has subsided, the gas may be transfer- 
red as usuaL 

RATiONALE....During the burning of the sulphur in 
a confined quantity of atmospheric «ir, it absorbs the 
oxygen contained in it ; this Irawevir not being sufficient 

VOL. I. 44 ^ 
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to ox}'genate the attlphur completely, the result is ^ im- 
perfect aeriform acid, or sulphureous add gas. « 

3* Sulphureous acid gas may also be obtained 1^ de- 
composing sulphite of potaslMir soda, either by heat alonc^- * 
or by the affusion of acids. 

4* If charcoal be moistened with sulphuric acid, and 
then exposed to distillatioti^the products are carbonic acid 
gas and sulphureous acid gas. 

RATiovALE*«».During this operation the charcoal a> 
tracts pan of the oxygen of the sulphuric acid, and forms 
carbonic acid gas* The sulphuric acid b therefore partly 
de-ozydated) and becomes converted into sulphureous 
acid gas* 

5« Sulphureous acid gas. is likewise formed by distil- 
Jing sidphur with the ozyds of mercury, lead, ut^ man- 
gstoese, &c* 

RATioKALE....In these processes the sulphur attracts 
. the oxygen of die metallic oxyds and becomes oonverted 
into sulphureous acid g^, while the oxyds are partisdly 
lestored to die metallic state* • 

SECT. IE. 

EXPF.RIMENTAT, PROOFS OF THE PROPER. 
TIES Oh SULPHUREOUS ACID GAS* 

EXPERIMEMT I* 

Sulphureous acid gu9 is heavier than atnwspheric air^ and 
does not maintam combtcstion. 

This may be shown by dipping a lighted candle suc- 
cessively into a jar filled with this gas* The candle will 
be extmguished every time, though the jar filled with it 
condnues exposed to the air* 

« 

EXPERIMXMT II, 

Sulphureous acid gas is rapidity dbsorbted by water* 

Fill a cylinder with the gas over mercury, and send up 
into it a little water. The gas will instantly become 
diminished, and the ^rcury rises up in the vessel* 
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The absorption of this g-as may likewise be shown by 
dipping the neck of the retort^ in which it is disengaged, 
in a basin of cold water. 

Rem ARK.. ..The combination of sulphureous acid gas 
with water cooled artificially takes place with such rapi- 
dity, that not a single bubble of it rises to the top until the 
Water is saturated. If ice bt present in the water, it melts 
rapidly. The water at this temperature increases almost 
one seventh part in weight. 

The saturated water when exposed to a temperature of 
about 65® or 70^ Fahr. becomes filled with a multitude of 
small bubbles, which continually increase and rise to the 
surface. This may be shown in the following 

EXPSRIMKKT III* 

Disengagement qf sulphureous acid gas from water satu* 
' • rated with it* 

Take a bottle filled with water completely saturated 
with sulphureous acid gas at a low temperature, plunge it 
into a him of hot water and uncork it ; an infinite num- 
ber of small bubbles will instantaneously be extricated* 
the water in the bottle will appear to boil with great ra- 
pidity and lose most of its gas. 

Rationale.. ..The sulphureous acid gas contained in 
the water is capable of remaining in combination with 
this fluid at low temperatures; but by the addition of ca- 
loric, becomes converted into the state of gas, which £ies 
off, and occasions the aj-jparent ebullition. 

Rem ARK.. ..Water that has aljsorbed sulphureous acid 
gas is to be looked upon as liquid sulphureous acid. It 
possesses the peculiar odour of the ^as and an acid taste. 
At first it only reddens blue vegetable colours, but at last 
totally destroys them. The infusion of rose-leaves and 
several other vegetable pigments lose all their colour by 
it instantly. 

Experiment IV. 

Sulphureous add ^^as and oxygen gas do not act upon ea(;k 
. ' otfter at a loxv temperature wit/wut the . ' 
intervefition of a fluid* ; / 

To two parts of sulphureous acid gas^ prepared Jn the 
mercurial apparatus^ add one part of oxygen gas \ no per- 
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• 

* ceptible union will take place even after some months : 
\ s. but if a small quantity of water be added to the mixture 

an absorption gradunlly tnkes place, the vohime of the 
gases becomes diminished, and sulphuric acid is ioraitd. 
Remark. ...The water presented acts as an interme- 
^ diate hod\ to ia\ our the union of the two gases. Its 

^ great attraction for liie sulphureous acid gas enables the 

• . oxygen to unite to it m order to convert it into sulphuric 

acid. 

Experiment V« 

» r 

' ^ . Sulplmreoui acid gas and oxygen gas readily act Upon 

each other alt high temperatures^ 

In the last experiment we have seen that the two gases 
have no action upon each other at common temperatuvLS, 
* unless by the intervention of water ; but it wc transmit a 
mixture of sulphureous acid gas and oxygen gas through 
an ignited earthen tube placed across a furnace, very de nse- 
white fumes arc formed, which bccomt: convened into 
liquid sulphuric acid, and may be collected ui a \ esscl 
placed for that purpose at the other extremity of the tube. 

RATlONALE.»The oxygen gas at this temperature yields 
its oxygen to the sulphureous acid gas, and converts it into 
sulphuric acid^ which it is only capable of doing in a direct 
manner at that temperature. 

EXP£R1MENT VI. . 

Jtii^drogcn gaa /las no action upo?i svJp/mrt'ous arid gas in 
the coldf but decomposes it at high temperatures^ 

When we mingle together hydrogen gas and sulphure- 
ous acid gas at common temperatures, there is ho action l 
but if we transmit a mixture of three parts of hydrogen 
gas and one of sulphureous acid gas through a Wedg- 
wood's tube in a state of ignition, sulphurated hydrogen 
gas will be evolved, and sulphur deposited at the extre- 
mity of the tube, opposite to that through which the gas 
is made to pass. * 
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RATiONALX»M.Pan of the hydrogen at such a tempera* 
ture Qnhes to the oxygen of the sulphureous acid gas to 
form water, the sulphur is consequently left unc(Mnbined$ 
another pan (or at least the excess) of the hydrogen dis* 
solves a portion of the sulphur^ and becomes converted 
into sulphurated hydrogen gas. 

R£MAEK»«MThe two last earoeriments are well calculated 
to. demonstrate the nature of sulphureous acid gas. In 
the first it became changed into sulphuric acid by the 
addition of oxygen at a high temperature : in the other, 
hydrogen gas decomposes the sulphureous acid gas at 
the same temperature, by taking from it that portion 
of OKygen which kept it acid, and the sulphur is disen* 
gaged. 

£xP£aiMENT VII. 

Formation of sulphate of ammonia htf mnghng sulphure-* 
ous acid gas arid ammomacal gas* 

Let sulphureous ai;id gas be mixed with ammoniacal 
gas over mercuiy i a beautiful white cloud will be formed ' 
by their combination, heat is liberated, and both gases 
gradually assume the solid state, forming sulphate of am* 
monia. If the gases have been pure, Ihe mercury rises 
almost to the top of the vessel. 

If the sulphureous acid gas be presented to the ammo* 
niacal gas, the cloud is formed at the bottom, and gra- 
dually rises to the top ; but if the ammoniaeal gas be pour* 
ed in last, the cloud rises immediately to the top. These 
consequences naturally result from the ammoniacal gas 
bein^ the lightest. 

K A 1 ION ALE. ...The white cloud formed in this experi«« 
ment is sulphate of ammonia, which originates from the 
strong attraction these gases have for each other. The 
caloric which kept them in the gaseous state being set 
free produces tlie heat evolved during this union. 

Experiment VIIL 

Sulphuric acid saturated with sulphureous acid gas ac-*. 

fmres a concrete form* ■ 

When sulphureous acid gas Is made to pass into sulphu- 
ric acid cooled by a frigorific mixture, the gas is for a con- 
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siderable time absorbed by the acid, which at last acquires 
a solid form. The solid acid has no very perceptible odour^ 
If part of it be laid upon a plate of i^lass, it exhibits an 
effervescence, like that occasiontd hy the decomposition 
of carbonate of lime by the art us ion of a weak acid* It 
soon after becomes liquid and very odorous. 

Remark... .We have thei efore a concrete sulphuric acid, 
formed by the addition of sulphureous acid gas. Nitrous 
gas is also said to possess the same property. There is no 
doubt but that other concrete modifications occasioned by 
other gases wiU be discovered hereafter. 

Experiment IX. 

DecmposiHon of sulphureous acid gas by charcoaU 

When sulphureous acid gas is passed through a tube 
containing ignited charcoal, carbonic acid gas and sulphu- 
rated hydrogen gas are obtained, and the inner surface of 
llie tube is lined with sulphur. 

RATiONALE....The charcoal at the temperature of ig- 
nition tak^ the oxygen from the sulphureous acid gas, 
and forms with it carbonic acid gas ; the sulphur there- 
fore becomes precipitated. The sulphurated hydrogen 
gas anses from a portion of water contained in the ciiar- 
coaL 

£xPEBiMBirr X. 
Decomposition of aidphureous add gas by muriate of tifu 

FiU a cylinder with sulphureous acid gasf and pass up 
into it fresh prepared concentrated muriate of tin, the 
volume of the gas wiU soon become diminished^ and soU 
phur he deposited. 

RATiONA]:.EM.*The oxyd of tin robs the sulphureous 
acid gas of its oxygen^ and becomes converted into oxy- 
genated muriate of tin, and the sulphur, deprived of its 
oxygen, is deposited* 



* ^ 



Digitized by Google 



MURIATIC ACID GAS. 



PART XXIX. 



S£CT. I. 

THE basis of this gas is still unknown. The presence 
of oxygen has not been even demonstrated in it, and at is 
only by analogy that we may venture to suppose it instru- 
mental in this acid gas. Some philosophers have lately 
persuaded themselves that it i»an oxyd of hydrogen. The 
t]q>eriments hitherto advanced are» however, not suffix 
cient to prove this assertion. 

PROPERTIES OF MURIATIC ACID GAS. 

Muriatic acid gas has a very pungent and suffocating 
odour, which excites coughing. It is readily absorbed by 
water, by ardent spirit, ether, fat, and essential oils, melted 
wax, phosphorus, and many other bodies. It is a true 
acid. It suffocates animals, and is so very caustic as to 
excoriate the skin. It extinguishes a lighted taper^ the 
flame of which becomes green, or rather light blue, at the 
upper part of its disb Light has no effect upon iu Ca- 
loric rarefies it. It is heavier than common air. The 
specific gravity of the former is to that of the latter as 
1.750 to 1.000. When brought into contact with atmos* , 
pheric air, or oxygen gas, it forms a white cloud* Ice is 
melted by it as speedily as if dirown into the fire. It 
unites to alkaline and terrene substances^ and forma with 
them new compounds. It has no action on siliceous 
earths. It combines with alumine and magnesia. It ab- 
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sorbs oxygen when in the state of gas feebly, though there 
are methods of uniting them readily. If ammoniacal gas 
he mixed with it and heat applied, both gases lose their 
giiseous form in a moment, and are transformed to a con- 
crete salt. Carlionic acid gas, nitrogen gas, gaseous oxyd 
of nitrogen, sulphurated hydrogen gas, and carbonated hy- 
drogen giis, have no action upon it. It has nevt^r been 
found in a disengaged state in nature. When electric 
explosions are m ule to pass through it, its bulk is dimi- 
nished, and ]\\ ch ogen gas is evolved. These changes are 
owing to a quantity oi w Liter contained in the gas, and 
cease when it is deprived oi moisture, as has been proved 
by Mr. Henry.* 

METHODS OF OBTAINING MUlilATIC ACID 

GAS. 

1. Muriatic acid gas may be obtained by decomposing 
muriate of soda by means of sulphuric acid. For this pur- 
pose, put into a tubulated retort two parts ot very dry mu- 
riate of soda, and pour on it very graduail) one part of con- 
centrated sulphuric acid. A violent action takes place, 
and muriatic acid gas i>ccomc3 liberated, \\ hich must be 
collected over mcrcui\ in the usual manner. 

Rationale. ...'I'hc suiplun ic acid has a greater affinity 
for the soda than the muriatic acid has; it therefore 
unites to it, and forms siil; liatL of soda. The muriatic 
acid being liberated takes tlie gabeoub iorm, luid appears 
as muriatic acid gas. 

Remark....As this decomposition takes place very 
rapidly, it is not necessary to apply heat until the disen- 
gagement of tlie gas begins to slacken, after which 
the further extrication may be assisted by the heat of a 
lamp. 

2. Muriatic acid gas ma^ likewise be obtained by ex* 
pelting it from its combination urith water. 

For this purpose put concentrated muriatic acid into a 
retort, immerse the beak of it under a receiver placed in a 
mercurial pneumatic trough, and filled with that metal* 
On exposing the acid to a gentle heat, muriadc acid gas 

* Nichola(m*8 Journal, vol. IV. p. 209. 
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will be obtained* If the ptx>ce8s be very tare&lly mana- 
ged, nothing but water remains in the retort* 
* 3« Muriatic acid gas is likewise produced by putdng 
any quantily of liquid muriatic acid into a long glass tube, 
and adding to it about one-third or one-fouii^, by mea» 
' sure, of concentrated sulphuric acid. A violent eH'erves- 
cencc takes place, and the whole tube becomes fiUed with 
dense white vapouia, which are muriatic acid gas, con- * 
densed again by means of the moisture in the atmosphere* 
The sulphuric acid added to the muriatic acid, deprives 
the latter of part of its water; a combination and penetra- 
lion of the two liquids take {Hace, and caloric is evolved^ 
contributing to rrader the gas aeriform, which is thus^ 
forced to escape. ' 

This experiment proves that the affiniQr of sulphuric - 
acid for water is greater jdian that of muriatic acid. 

SECT. a. 

EXPERIMENTAL PROOFS OF THE PROPER^ 
TIES OF MURIATIC ACID* 

EZPERUCEMT I* 

MuriatiL acid^ as w readiltf absorbed by water* 

Fill a receiver with muriatic acid gas, and introduce 
into it a little water ; the gas will speedily be absorbed, 
and the fluid exhibit all the properties of muriatic acid. 

The absorption may also be shown by disengaging tlic 
gas in a retort, and dipping the neck into a basin of wa- 
ter, or letting it pass into a receiver mcMStened with a 
small quantity of this fluid. 

Remark... .Water when charged as highly as possible 
with this gas, forms the ordinary muriatic acid iu a liquid 
state. Ten grains of neater are capable of absorbing ten 
grains of the gas. The solution thus obtained occupies 
^ the space of 13.3 of water nearly. Water heated absorbs 
it with difficulty. The colder the water the more it 
absorbs. 

VOL. I. 45 
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Experiment II. 

Muriatic acid gas melts ice sjteedily* 

This experimeot may be shown by passing the corrent 
oF muriaidc acid gas as it is disengaged into a vessel filled 
with ice, broken into small pieces* The ice wiH taelt as 
rapidly as tf heat were applied. 

RATiONAt.E««MThe rapid liquelaction depends on the 
vast quantity of caloric which is evolved by the gas when 
returning mm the gaseous to the liquid 8tate» which be* 
gpomes absorbed by the ice, and melts it* 

Experiment III* 

Muiiaiic acid gas xvhen brought into contact with air 
Jorms white clouds^ 

If a wide-mouthed faotde be half filled with muriatic 
ai:ld gas, and atmospheric air be admitted, by removing 
itfix>m the mercury over which it was diarged, the whole 
vessel will be instandy filled with dense white vapours^ 
and a considerable degree of heat wIU be produced* 

RATioNAL£*.**The vapours are occasioned by the 
moisture' in the air, to which the muriadc acid gas unites, 
in order to become converted into liquid muriatic acid, 
abandoning at the same- time its combined caloric, which 
becoming free produces the heat* 

REHARK*.*.The more humid the air, the denser the 
vapours are on presenting muriatic acid gas to it, and for 
that reuon they are never produced on the summits of 
mountains or other places where the air is very dry* 

This production of white vapour is therefore a suK 
' aign of the humidity of the air* 

ExPSkXHENT IV* 

formation of muriate of ammonia htf mingling murioHe 

acid gas and ammoniOm 

If muriatic acid ga6 and ammonia be mingled together 
In a pylind^r over mercury, the mixture becomes in- 
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stantEy heated, and a white cbud la foimed. The mercu** 
ry rises, and muriate of ammonia will be formed; which 
erystallizes on the internal surface of the receiver^ daring 
the subsiding of the white vapour* If the two gases are 
veiy pure and perfectly dry, they comjdetely disappear^ 
and the disengagement of caloric is considerable* 

RATiONALE«**.The production of the muriate of ammo- 
nia is owing to the attraction of the bases of the two gases 
to each other being greater than that of the caloric which 
kept them in the gaseous state ; they therefore abandon 
the caloric, unite, and form a solid combination called 
muriate of ammonia* 

EZPSBIUEMT V* 

Mifiatic acid gns extinguishes the fame of burning bodies^ 
JSrst fnhrging it by the addition of a green or 
bluish circumambient fame* 

If alighted taper be let down into a receiver filled with 
muriatic acid gas, the flame will be extinguished ; hut be- 
fore its extinction it wiU be enlarged t>y a green or bluish 
circumambient ftame. 

Hf i ARK....This curious phcaomeuon has not yet beep 
^atisiactoriiy explained* 
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SECT. I. 

WHEN the muriatic acid gas before mentioned be- 
comes combined with a certain quantity of orfygen, the 
result is an expansible gaseous fluid, to which chemists 
have given the. name of oxygenized muriatic acid gas. 

PROPERTIES OF OXYGENIZED MURIATIC 

ACID GAS. 

Oxygeniawd muriatic acid gas possesses an uncommooly 
pungent and saffocatin^ odoun It is absolutely and in 
cv^ry respect' nxm«respiFable; animals immersed in it die 
instantly. It is absoHiable by water, and forms with it 
wliat is caQed liquid oxygenized muriatic acid* Whea 
water is saturated with it, the compound crystallizes at 
low temperatures* Oxygeniaed muriatic acid gas is not 
ifivisiMef but has a ydhw^greemah colour* It is capable 
of maintaining and exciting combustion in many cases* 
Phoiphoni^ ^laKoal. i«d *ulplui«et of mercury, •iiI. 
phuret of antimony, bismuth^ iron, zinc, copper, gold, ar- 
senic, cobalt,tin, lead, and several other combustible bodies, 
take fire spontaneously when introduced into it. It is 
heavier than atmospheric air. It weakens and reddens the 
flame of a taper, but does not extinguish it. It decom- 
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poses ammonia* It thicl^ens fat oils. It detonates with 
nydrogen gas. Nitrous gas immediately produces a cloud 
of reddish vapour with it. It is likewise decomposed by 
sulphurated, phosphorated, and carbonated hydrogen 
gases. It is not altered by exposure to light, and passes 
unaltered through an ignited porcelain tube. It discolours 
stuffs, and totally destroys most of the vegetable colours^ 
rendoing them white. It also bleaches yellow wax» &c* 



M£THODS OF OBTAINING OXYGENIZED 
MURIATIC ACID GAS. 

1. Put into a retort one part of powdered black oi^ 
of manganese and three or four of concentrated muriatic 
acid I connect the retort with a pneumatic trough, and 
receive the gas over water* in the usual manner* When 

no more gas is liberated, apply the heat of the lamp, and 
gas will be produced abundandy, which may be kept in 
bottles with ground glass stoppers. 

RATlOiiALB....The oxyd of manganese yields up part of 
its oxygen to part of the muriatic acid, which becomes 
converted into oxygenated muriatic acid gas ; the oxyd of 
manganese being dius partly deoxydated, is dissolved in 
the remaining quantity of the muriatic acid, which is left 
in the retort as muriate of manganese. 

REMARK....The retort containing the mixture should 
not be filled above one third ; for the fluid on the, appli- 
cation of heat swells, and is otherwise very apt to be 
forced over into the neck of the retort. 

2. Oxjrgenized muriatic acid gas may likewise be ob- 
tained in an Indirect manner, by decomposing muriate of 
soda in contact with black oxyd of manganese. For that 
purpose mix eight parts, by weight* of muriate of soda 
with three of powdered oxyd of manganese, put the mix- 
ture into a tubulated retort, and pour upon it gradually 
four parts of sulphuric acid, diluted previously with three 
of water, and which has been suflfered to cool after diliK 
tion. On applying a gende heat, gas will be produced as 
before. 



• Though mercnn is f^cnenlly made use of in tfai4I>roce8i, water 
answers Uh) purpose better. 
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RATiONALE....In this operation the sulphuric acid acts 
on the muriate of soda, to the base of which it unites ; the 
muriatic acid formed by this union attacks the oxyd of 
manganese ; one part of it combines with the oxygen, and 
another with the oxvd brought nearer to the metallic 
state ; and the result is sulphate of soclii and muriate of 
manganese, wliic h remain m the distiiiing \ cssel j and 
oxygenized muriatic acid, which passes in the state of 
gas at common temperatures. 

REMARKs....In preparing this gas great care should be 
taken that it does not escape into the apartment in any 
consick ruble quantity; as it acts violently on the pituitous 
membrane, occasions a defluxion of the brain, blunts the 
senses ol snicil and taste, produces head-ache, and proves 
extremely injurious to health.* 

Pclk.tier fell a sacriru L' in attempting to breathe it; a 
consumption was the consequence, which proved fatal. 

Liquid amin^'nia is the remedy best calculated to eheek 
its effects, when accidentally set at liberty in places where 
it is prepared. 

The film of water which adheres to the inner side of 
the vessel filled with oxygenized muriatic acid gas crys- 
tallizes in the form of yellow spangles, if the tempera- 
ture is near the fireezing point. If a considerable quanti- 
ty of gas be thus condensed, care must be taken to keep it 
at a low temperature, for as soon as it becomes heated it 
expands, and endangers the bursting of the vessel. 

SECT. U. 

EXPERIMENTAL PROOFS OF THE PROPER^ 
TIES OF OXYGENIZED MURIATIC 

ACID GAS. 

EZPERIHBNT L 

Oxygenized muriatic acid gas is c^orbed by water* 

Fill a phial with oxygenized muriatic acid gas, and 
agitate it strongly in contact with water ; a rapid absorp- 
tion takes place, and the water will ascend in the piuai. 

* This gM can also be procmed by substitatinif red lead (minium) 

form;mt)fancs€. • But tl)cbest method is to put into a retort tlucc parts 
by weigiit tif common salt, otic part of finely powdered munji^anese, and 
two parts of oil of vitriol diluted with thrice its bulk of walcr. T. C 
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It acquires the colour and odour of the gas, and the pro- 
perty of discharging vegetable colours* 

Experiment IL 

X)xifgenized muriatic acid gas destroys vegetable colours 

and renders them white* 

Fill a vessel with oxygenized muriatic acid gas, and in- 
troduce into it a sprig of mint, a rose, &c. Its colour 
will soon be destroyed, and the gas diminished. 
* All flowers of variegated colours and green leaves of 
plants are in time rendered white by it ; and no alkali is 
capable of restoring their colour. 

RATiONALE....This effect can be ascribed only to the 
absorption of oxygen. This gas, which contains it in ex- 
cess, gives up a part of it, which vegetable substances ab- 
sorb with avidity ; and by this absorption lose their co- 
lour: the oxygenized muriatic acid gas then becomes 
converted into common muriatic acid gas* 

R£MARK«...It is this property which induced a new 
iaeftod of l>leaching, which has proved completely suc- 
ceoB^iU^ . The advantages wluckji^uk^m mis applica- 
tion ot die oxygenized muriatic actdf^j^fllicr in Uie gaseous 
or ihi^.liquid state^^^^e accelerated die prbeetA of whiten- 
^ing tliread, cottli$i§^ unen^ wax,^^8t^' to a really surprising 
degree, in eli4ry slftoon of the Jtsetf and can be justly 
appreciated by comimc^'dal people , Oidy, who experiaice 
its beo^otfil elfectB'mili^ ^ qcuck drculation of dieir 
capitals* 

,?'--^ib . ,..o. i Experiment. IIL i,, - v."'- 

Bkofihing of imn^ CQlicOy £sPc. by oxygetuzed. muriatic 

acid gas. . v 

Su^ptnd some unbleached calico or lineuf moistened 
with water, in ajar filled with oxygeniziki niiiriatic add 
cas* Tjhe natural coloiu- of the ataff #ill soon begin to 
fiidey and at la^ iljbtaU 

If dtfi^rent Coloured patterns of calico or printed eot- 
• ton be immersed for a few miittttes into the gas, their 
<Sdoilts will soon be destroyed, .aa^t those which arc^ 
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ExPERIJiSllT IV« 

Oocygenized muriaiic acid gas supports fame* 

Though oxygenized muriatic acid gas is exceedin^y 

aoxious to life? it does not extinguish combustion. 

If a l)urnin{j taper affixed to a wire be immersed in it, 
the lajier burns ot a red colour, and more vividly than in 
atmospheric air ; a great quantity oi smoke is emitted at 
the same time. 

Spontaneous accension of metals in oxygemzed muriatic 

add gas* 

Fin a tan receiver furnished with a ground stopper with 
oxygenized muriatic acid gas, over watery and let fall into 
it copper beaten out into a thin leaf (Dutch gold») The 
copper leaf before it reaches the bottom of the receiver 
will burn with a pale green 

Gold leaf may be burnt in a similar manner* 

Fine copper wire when heated to redness aho takes 
fire when introduced into the gas in that state. 

Other metals may be inflamed in oxygenated muriatic 
acid gas in the following manner. 

EXPERXKEIIT VL * 

Fill a tall bell-glassf furnished with a stopper, or cork» 
at the top, with oxygenized muriatic add gas, and throw 
intoit, in small quantities, eithersome antimony or arsenic 
reduced to fine powder. The metal introduced will in- 
stantly inflame^ and appear like a shower of fire. 

Tint cobalt, bismuth, nickel, copper, Sec. reduce^ to a 
£ne powderf may be inflamed in a similar manner. 

RATioNAL£...«'[he metals presented to the ozysenized 
muriatic acid gas rapidly subtract its oxygen, and become 
converted into oi^ds; the combined light and heat of 
both the gas and the metal are disengaged, and appear 
■ under the form of fire ; and the oxygenized muriatic acid 
'gas returns to the stat» of simple inuriatic acid gas. 
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Rbmarx;««»*To succeed well in making these expers- 
mentSf it is necessaty diat the metal should be reduced 
to a fine powder, and employed in the propordon of a 
grain, to two or three cubic inches of gas. The gas made 
use of should be perfectly fresh prepared* If mt gas be 
warmed a litde» ttie phenomena never &il* Iron, lead, 
and zinc, are more difficult to inflame than any of the for* 
mer ; it frequently happens dut they remain unaltered at 
the bottom of the vessel for some time, but on a sudden 
the accension takes place* Nickel, arsenic* and bismuth 
are the metals which are moat readily inflamed, and which 
• bum most brilliantly* 

ExpsRiMBirr VIL 

Spontaneom accension of phosphorud m oxygmize4 muri* 

^ ■ otic add gas* 

Put a piece of phosphorus, dried on blotting-paper, in* 
, ^ copper Indle, and introduce it into a jiir filled with 
0K\ nixt il inu: j iiir acid gas ; ihc phosphorus will ia- 
stantiy k indK-, and bum with r gvi L ni^h white light. 

Ratiuna i.r.....The phosphorus unites with the oxygen 
of the oxvj;i ni / (1 muriatic acid gas, and btcoin<^s con- 
vertt'd into pliosphoric acid j the ox^'s:^^nized niuriatic 
acid gas, hy thus losing its oxygen, returns to the state ot 
munatic acid gas. 

Spontaneous accension of tuHphur m <0f^gm4^ muriafic 

If a piece of sulphur be presented to (jxygcnized mu 
natic acid gas, no action ensues; but 11 uc mr/t a little 
sulphurin a ladle, and then introduce it, in a state of ])t;r- 
iect liquidity, into a jar filled w.ith t^.^a*, |he suiphur. 
takes fire, and bums rapidly* 

voi.« !• 46 
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RATiO»ALE....The explanation of this experiment is 
analogous to the former ; the sulphur decomposes the 
oxygenized muriatic acid gas, and becomes converted into 
sulphuric acid : hut before that effect can take place, the 
attraction of cohesion of the particles of sulphur must be 
demolished, that is to say, the sulphur must be rendered 
fluid, which was pot necessaiy with phosphorus. 

£»SR1MBIIT IX. 

Spomarmui aeeenahn of metMc ou^hurett by oxy^en^ 

heed fHuHoHc acid ffeum 

Sulphuret of andmony reduced to a fine powder» and 
introduced into the gaa» in the same manner as was di- 
rected for the accension of the metals» will also take fire. 

A similar effect is produced by this gas on sulphuret of 
mercury, iron, &c. 

A variety of other combustible substances may also be 
inflamed by presenting them to oxygenized muriatic acid 
gas in its nascent state , as was first shown by professor 
Davy.* 

EZPXRIMBVT X. 

Accension ether^ alcohol^ or oil of turpentine, by oxygen^ 
ixed muriatic acid ^00 in ite nascent etate* 

Put into a wine-glass one part of oxygenated muriate of 
notash perfectly dry, and pour on it two or three of co- 
louriess sulphuric acid of commerce ; a violent acdon 
will take place, and oxygenized muriatic acid gas be 
evolved. If, during the extrication of this gas, one part 
of sulphuric ether, alcohol, or oil of turpentine, be 
snfiered to fall, into the gas, an accension takes place 
accompanied with a crackling noise. 

R£MARK....In this manner not only all the inflamma- 
ble fluid bodies, but likewise aiust of the solids, such as 
camphor, resin, tallow, pitch, elastic gum, &c may easily 
be inflamed* , 

• Ni«liolMis*s JeunM]» AprU 180% p* 396. 
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Oxygefikted^Murkak Acid Got* 

KxpsaiXEiiT XL 

Acceruion of exptMed oils at the surface of water iy oxy^ 

gemzed muriatk acM gae* 

Put into a glass cylinder one part of o^genated muriate 
of potash ; add to it three or four of water^ and half a 

' part of oil of olives, or of linseed. On adding to it four 
or five parts of concentrated sulphuric acid, a violent action 

. takes place, much charcoal bcoomes deposited, and a mul* 
titude of ignited sparks pass through the black fluid, ex- 
hibiting a beautiful phenomenon. On adding an additional 
quantity of oxygenated muriate of potash and sulphuric 
acid, the whole mass takes fire» and buros with a dense 
yeUov flame* , 

ExpsftixEirr XIL 

Accenekn of pheephorue in oxygemzed muHoHe acid gae^ 

under the surface of water* ' 

i ■ 

I^et fall into a wine glass, or rather Into a long cylinder, 
two thirds filled with water, one part of phosphorus, and 
two of oxygenated muriate of potash* On adding to this 
mixture gradually three or four parts of sulphuric or nitric 
acid, the phosphorus- takes fire, and bums vividly under 
the eurface of die fluid : on agitating the mixture, atreains 
of ignited sparks pass through the water rapidly* 

REMARK.M.Thi8 and the two preceding experiments re» 
quire cautiom The operator ought to be distant during 
&it affusion of the acids, or the addition of the combusti* 
hie bodv, which are sometimes thrown out of the vessel to 
^ -a considerable distance* 

£xf EAIMSNT XIIL 

Nitrous ffas and oxy^^emzed muriatic add gas readily 
unite and produce nitro^muriatic aad* 

* 

This may tfl shown sending up into a receiver filled 
with oxygenized muriatic acid gas, bubbles of nitrous gas $ 
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iht mixture l^ecomc s warm, reddish fumes appear, and 
nitro-muriatic acid is produced. 

RATiONALF.....The nitrons gas takes part of the ox\-gen 
from tlj€ oxygfnizrd nuiriatic acid gas, and btcomcs con- 
verted into nitrous ar id ; it then unites to the oxygena- 
ted muriatic acid gas, and forms with it nitro-muriatic 
acid* 

Experiment XIV* 

jDecomposition of oxt/^^mhed muriatic acid gas 

atnmoma* 

If fresh prepared oxygenized muriatic acid gas and 
ammonia be mingled together over mercury, a rapid de- 
tonation takes place, accompanied v.idi a white flame, 
and the receiver hccomts filled with dense white vapours- 

R ATiONALE.... The oxvgen of the oxy genized nun iatlc 
acid gas unites to the hydrogen of the ammonia, and pro- ♦ 
duces water ; whilst the nitrogen of the ammonia is 
• liberated, and the ox^•ge^ated muriatic acid gas becomes 
converted into simple muriatic acid. 

Remark. ...This experiment requires caution. The 
cylinder in which the gases are mmgied should be very 
strong, and the gases should be mixt in small quantity. 
The experiment succeeds exceedingly well, if about eight 
cubic indiLS of ammonia arc sent uji into ajar holding^ 
at least fdty cubic inches of oxygenized muriatic aci^ 
gas. {*iee Appendix Mo* :^9.) 
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FLUORIC ACID GAS. 



PART XXXL 

SECT. I. 

* 

d 

THE composition, or the radical, of fluoric acid gas is 
equally unknown ; for no experiments have yet been mad^ 
by which it can be exhibited. It is merely from general in- 
ference that we may conjecture it to consist of a simple 
acidifiajble base united to oxygen. 

PROPERTIES OF FLUORIC ACIQ GAS. 

The most remarkable property of this gas is its power 
of dissolving silex, and keeping it suspended in the gase- 
ous state ; it therefore dissoh es glass, crv stals, and various 
precious stones. It is heavier than atmosplieric air. It 
' docs not maintain cnnibustion, nor can animals breathe it. 
It is absorbed In water, and forms with it liquid fluoric 
acid. It has a penctraiing odour, approaching nearly to 
that of muriatic acid gas. It corrodes ;,.iiuial and vege- 
table matters. Light has no effect upon it. It emits 
white fumes in contact with moist atmospheric air. It is 
very sour, and therefore reddens blue vegetable colours. 
It precipitates lime water. With ammonia it unites, and 
forms a concrete body. It has no action upon platina, 
gold, silver, mercury, tin, lead, antimony, cobalt, nickel, 
or bismuth ; but it attracts iron, arsenic^ and manganese* 
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METHODS OF OBTAINING FLUORIC ACID 

GAS. 

1. Flaoric acid gas may be obtained by decomposing 
fuate of lime (Derbyshire spar) by means of sulphuric 
acid. 

For that purpose, put one part of powdered floate of 
lime into a leaden or tin retort, and pour over it two or 
three parts of concentrated sulphuric acid. A violent 
action takes place instantly* and fluoric acid gas is extri- 
catedf which must be collected over mercuty, either in a 
leaden or tin vessel, or in a glass receiver covered within 
* with a thick coat of varnish or wax. . When no more gas 
is produced spontaneously, die action of the acid must be 
assisted by a gentle heat. 

RATiONALXM«.Fluate of lime consists of fluoric acid 
miited to lime ; on adding sulphuric acid, a decomposition 
takes place. The sulphuric acid h;iving a greater attrac- 
tion for the lime than the fluoric acid has^ unites to it and 
forms sulphate of lime, disengaging at the same time the 
fluoric acid, which takes the gaseous state at the instant 
of its extrication, and appears under the form of fluoric 
acid gas. ^ ^ 

Fluoric acid gas may likewise be obtained from li- 
quid fluoris acid (water impregnated with fluoric acid 
gas) by heat. 

SECT. n. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF FLUORIC ACID GAS. 

4 £XF£AIX£NT L 

Fluoric acid ffoe is obsorMfk htf water* 

• 

INTRODUCE into a receiver coated within with wax, 
and filled with fluoric acid gas, a little water, and agitate 
it ; heat will be produced, the gas will vanish, aad the 
mercury rise into the receiver. 
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If the water be examined, it will be found to possess 
all the properdes of fluoric acid ; it will corrode g^ass, 
6int, quartz, and other siliceous substances. If it be ex- . , / 
posed to heaty part of the absorbed gas becomes extricat- 
ed again ; but the last portion adheres to it so stron^y, 
that the water and the rest of the acid are volatilized if 
the heat be increased* 



£XP£&IM£NT II* 

Fluoric acid gas extinguishes light and kills animals* 

If a lighted taper be plunged Into a vessel filled with 
this gas, it will instantly be extinguished* An animal 
thrown into it soon dies* 



£x»XRtMXllT III* 

FiuortQ acidga& dissolves siieXf glass^ pmrtz^ ^Cm 

This may be proved by disengaging fluoric acid gas 
from a leaden or tin retort, and collecting the gas in a 
common dry glass receiver. The gas as it enters the 
vessel acts upon the silex of the glass, and the receiver 
becomes opaque, by reason of its internal sur^sce being 
ccrroded. 

R£MARK....This properQr of dissolving silex has given 
the idea of etching on s^aaSi either by means of the fluoric 
acid gas or liquid flu<mc add* 



ExmLmExv IV» 

m 

To etch upon glass by means of fiuoric acid gas* 

Take a pane of glass, clean it well, and cover k over 
either with a thin coat of bees wax^ isinglass dissolved in 
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water, or engravers varnish* When it is dry^ trace up- 
on it* by means of a graver or any other sharp pointed 
instrumenty any subject yon choose : having done this, 
take some powdered fluate of lime, put it into a leaden 
basin, and pour over it a sufficient quantity of sulphuric 
acid, stirring it with a stick or slip of lead ; then hold the 
pane of glass close over itf in order that the gas which is 
disengaged may act upon the glass, which will soon be- 
come corroded, and appear like engraven when the var- 
nish or coating is removed. To assist the action of the 
sulphuric acid, the basin containing ihe mixture may be 
held over a lamp, or gende coal fire. 

Tlus proper^ of fluoric acid gas may be advantageous- 
ly employed for engraving labels on glass bottles intended 
to contain acids ; for graduating glass tubes, diermome<- 
ters, &c. for ornamenting glass vessels ; for removing in- 
jured enamels, &c. 

REMARK.../rhe art of etching on glass, which is gene- 
rally considered as of modem date, does not entirely 
belong to our cotemporarles ; even to assert that the an* 
cients were altogether unacquainted with it would be 
unjust. It seems rather that this art belongs to the dis- 
coveries which were made in those times in which men 
were little inclined to transmit an account of their inven- 
tions to posterity, and thus may have been forgotten or 
lost. Scheele discovered the fluoric acid, and re-invent- 
ed the art of etching on glass in \77U But that it was 
practised a centuiy before by a German^ whose name was 
Swanhard, we have endeavoured to prove in Nicholsoti^jf 
Journal for Aprils 1803. Had this person been able to 
pursue properly the discovery which either accident or 
ingenuity presented to him, he might have enriched us 
with an art which acquired great reputation to Scheele a 
hundred years after. 

Experiment V. 

Fluoric add gaa not only <Bs*ohe9^ hit also volatilizes 

siliceous earth* 

This may be shown by decomposing fluate of lime in a 
glass retort, and receiving the gas in a vessel filled with 
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water, and resting upon mercury. Each bubble of the 
gas which passes through the mercury into the water 
becomes immedintely enveloped in silex, and leaves, as it 
ascends to the surface of the water, traces ia the form of 
tubes, which frequentlv decrease to a point upwards, be- 
cause the bul^ble diminishes in proportioi^ as the water 
dissolves it, and tht^ silex is carried off. 

Rationale. ...The gas when disengaged in the glass 
retort dissolves part of the silex of that vessel, which it 
keeps in nn aeriform state. On coming into contact with 
the watur it abandons its caloric, and becomes converted 
into liquid fluoric acid, depositing at tlie same time the 
siliceous earth. 

RF.MARK....If substances capable of retaining moisture 
be exposed to fluoric acid gas, holding silex in solution, 
the water they contain will absorb the acid, and the silice- 
ous earth will be precipitated upon them. In this manner 
lizards, frogs, moist fruits, bits of sponge^ Sic. may be 
encrusted with a coat of silex. Objects thus covered with 
a close and very hard siliceous crust greatly resemble pe- 
trifactionsi and may be preserved for a long time. 



PHOSPHORATED CARBONATED HYDRO- 

GEN GAS. 



In Van INIons's Journal de Chimle et de Physique, 
p. 213, is publibhed an accoimt of a new species of gas 
discovered bv professor Tromsdorf, which is composed 
of hydrogen, carljon, and phosphorus. Ic was obtained by 
this gentleman during the de-ox\ dation of phosphoric acid 
by charcoal, in the common |)rocess of distilling phos<* 
phorus. Its w eij^^htis nearly equal to that of atmospheric 
air. It is not absorbe d by water ; oxygen has no eflect 
upon it at common temperatures, but explodes with it by 
the electric spark-. It has no action on metallic oxyds, but 
decomposes the solutions of gold, silver and mercury* 
The products after its detonation ivith oxygen are car- 
bonic acid gas, phosphoric acid, and water. From these 

VQL. I. 4r 



3Sro Plmphorated Carbonated Hydrogen Gosm ' 

results professor Ti omsdorf proposes to call it phospho** 
rated carbonated hydrogen gas. 

No further account of uus gas having as 3ret reached 
us, we are not enabled to enter more fully Into the sub- 
ject ; bfut as the learned professor has promised to inves- 
tigate its properties, and publish the results^ we may es* 
pect to be acquainted with it shortly* 
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PART xxxir. 

sBssssmsssssmsBassasa 



AMONG the various operations of chemistry, none 
acts a more conspicuous part than combustion ; and in 
proportion to its utility in the science, the necessity of 
thoroughly investigating its nature and mode of actioa 
becomes more obvious to the philosophical chemist. It 
• . was a conviction of the importance of this inquiry which 
induced Lavoisier to examine with accuracy the labours 
of his predecessors, and by this pursuit he was enabled 
to form a theory of this process, which though not abso- 
lutely free from error, was such as well entided its au- 
thor to the distinguished rank he holds among philoso- 
phersi. And as tnis theory, though capable of improve- 
ment, will probably serve for a foundation to every 
discovery which may be made in this branch of the sci- 
ence, we shall state it here with a view that our.rcaders 
may be enabled to appreciate its value* 
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SECT. I. 



LAVOISIER'S THEQRY OF COMBUSTION.- 

(SEE APPENDIX NO. 30.) 

# 

LAVOISIER-S theory of combustion is touncled upon 
the absorption of oxygen hy a comhustibli: body. 

We have seen that bodies cannot burn in a limited 
quantity of air beyond a cert/iin pi riod (p. 260) that a 
rtal analysis of this fluid is cirLctcd; and that combus- 
tion is not confined to the decomposition of the atoioa* 
phere only, by absorbing one ot its principles ; but th^t 
it albo decomposes oxygen ^;as, bv absorbing, fixingf tioA 
rendering more or less solid in the combustible body, ill© 
oxygen or basis ol the oxygen gas, and disengaging its «ol- 
vent, the caloric, under the appearance of heat and flame* 
Sec p. 228. • / ^ 

I aking this for granted, it follows that combustion is ^ 
only the play of aflinity between oxygen, the matter of 
heat, and a combustible body. 

When an incombustible body, a brick ^for instance, is 
heated, it undergoes no diange except an augmentaixm 
of bulk and temperatnre, and when left to itself it soon 
regains Its former state. But when a cow^mHbk body is 
heated to a eertain degree In the open Mr<, It begins to be- 
come on a 'suddeii intensely hdt, and at last emits a copt* 
OU9 streimi of calork andHghtto the snrroandrng bocfies, - 
During this cttiission the burning body gradnalty wastes 
awa^* It either disappem entirely^ or its physicsd pro- 
perties become totally altered* The principal change it 
suffers » tiiai'Of being no longer capable of combuistion. 

II eiiiher of these phenomena, namely, the emission of 
heat «i4 light, and the waste of substance, be wanting, 
we do not say tliat a body Is undergoing oonwustiony or 
that it is burmng. 

It follows therefore that every the<Hy of combustion 
ought to explain the fidlowing facts : 
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1. Why a buratng body U consumed, and its indivi- 
duality destroyed. ^ 

2. Whyy during the progress of this alteration, heat and 
light are emitted. 

For the elucidation of these objects, Lavoisier^s theory 
has laid down the following laws : 

1« Combustion cannot take place without the presence 
of oxygen, and is more rapid in proportion to the quantity 
of this agent tn contact with the inflamed body* ^ 

.9, In every a^t of combustion the psygen present is 
consumed* 

3. The weight of the products of every body after 
combustion corresponds with the weight of the body be*- 
fore combustion, ^/i/^ that of the oxygen consumed. 

4. The oxygen absorbed by the combustible body may 
be recovered from the compound formed, and the weight 
regained wiU be equsd to ue weight which. disappeared 
during the combustion. 

5» In every instance of combustion, light, and heat, or 
fire, are liberated. 

6. In a limited quantity of air, only a certain quanti^ 
of the combustible body can bL burnt. 

7. The air, wherein a body has been burnt, is ren- 
dered unfit for maintaining combustion, or supporting ani- 
mal life. 

Thou^b every case of combustion requires that light 
and heat should be evolved, yet this process proceeds ve- 
ry differently in different circumstances : hence the terms 
tuition, of glowing heat; in^anmaiion^^Qic acqens^n ; 
and 4^^^nali^, or explosion* 

■ ■ ■■ i . ■ . . 

J. ^ 

IGNITION 



Takes place when tho^ combustible body is not in an 
aeriform state* 
Charcoal, p3Mphonis, ftcc* furnish instanees of this 

kind. ^" > ! 

It seems as if the phenomenon of glowing was peculiar 
to those bodies whidl require a considerable quaoUly of 
oi^lygen to become converted into the gaseous stat^. i^ 
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The disengagement of caloric and light ia renderedL 
more evident to the aeiues in the act of 



^ INFLAMMATION, 

Or Accension* Here the combustible substances are 
more easily converted into an elastic or aeriform state. 
Flasne therefore consists of the inflammable matter in the 
act of combustion in the gaseous state. When all cir- 
cumstances are favourable to the complete combustion of 
the products, the flame is perfect ; if this is not the case, 
part of the combustible body^ capable of being converted 
into the gaseous state, passes tflrough the luminous flame 
unbumt, and exhibits the appearance of smoke. Soot 
therefore always indicates an imperfect combustion. 
Hence a common lamp smokes^ an Argand's lamp yields 
no smoke. 

This dt^gree of combustion is very accurately exem]^- 
fled in the 



FLAME OF CANDLES. 



When a candle is first lighted, which must be done by 
the application of actual flame, a degree of heat is given 
to the wick sufficient to destroy the affinity of its con- 
stituent parts ; part of the tallow is instantly melted, vo- 
latilized, and decomposed ; its hydrogen takes fire, and 
the candle barns. As this is destroyed by combustion 
another portion melts, rises, and supplies its place, and 
undergoes a like decomposition. In this way combustion 
is maintained. The tallow is liquefied as it comes into 
the vicinity of the flame, and is by the capillary attraction 
of the wick drawn up to supply the place of what is de- 
composed ; the unmeltcd tallow by this means forms a 
kind of cup. 

The congeries of capillar)' tubes which form the wick is 
black| because the charcoal of the cotton becomes predo- 
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minant, the circumambient air is defended by the flame 

from oxydating it; it therefore remains for a considerable 
time in its natural state ; but when the wick by the con- 
sumption of tallow becomes too long to support itself 

in a perpendicular position, its upper extremity projects 
nearly out ol the cone of the flame, and there forms a 
support for an accumulation of soot, which is produced 
by the imperfect combustion. A candle in this situation 
affords scarcely one tenth of the hght it can giye, and 
tallow candles on this account require continual snuif- 

"But if the candle he made of \vax, the wick dot's not 
long occupy its j)lace in the niiddlc of the flame ; its thin- 
*ness make s il bend on one side when its leni:^th is too 
great for its vertical position ; its extremity comes then 
in contact with the air, and is completely burnt (jr decom- 
posed, except so much of it as is defended by the conti- 
nual afflux of the melted wax. 'I'his small wick there- 
fore periorms tiie oiiice of snuffing itself. The difficult 
fubil/ility of wax enables lis to use a thinner wick for it 
than can be used lor tallow, Mdiich is more fusihlc. But 
wax bemjr ^ substance which contains much moi-e oxygen 
than tailow or oil, the light it afibrds is not so luminous, 

r 

t 

' is an instantaneous combustion, accompanied with a 
loud report ^ it takes place in general wh( ai the compound 
resultmg from the union of two or laorc bodies occupies 
icss space than the substances did before their union ; a 
vacuum is the re lore iormed, and the surrounding air 
rushing in ii uiu ail bides to lill it up is the cause of the 
report. ' , . • - 

Gun-powdei, fulminating gold, siK er, and merrur\ , 
oxygenated muriate of potash, and \ arious other explo- 
sive compounds, are capable of producing very loud de- 
. tonatiqns, as we shall see hereafter. ' ' • 

Ii€t ♦us now consider the disengagcmciit of light and 
C:aloric* 
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By the older chemists it was uni\ crsally supposed tliat 
the hght and li(^at eniiuL'd during combustion prpceeded 
from the inflammable body j and this opinion would in- 
deed nppear Luujuestionnble whiie the composition of the 
atmosphere was imperlceily known* The burning body 
appeared luminous and lelt hot, and no other agent was 
supposed to be concerned : the conclusion that the light 
and heat were evolved from the bunuQg subslaace was 
therefore unavoidable. 

But when the natiiie of the atmosphere was ascertain* 
cd, and when it became evident that part of the air was 
absorbed during combustion, the former conclusion fell to 
the ground. For when two bodies exert a mutual action 
on each other, it becomes a pricri^ equally probable that 
the products may be derived from either of them ; con- 
sequentlv the light and heat evolved might proceed either 
from the one or the other. Whether they jjroceed iiom 
the atmosphere or from the combustible body, they must 
be separated at the part where the combination takeg 
plnce ; that is, upon the surface of the burning body it- 
sclt ; and consequently it appeared luminous and heated^ 
nrhile the air being invisible, escaped observation. 

When the laws of heat became known, at least when it 
was ascertained that bodies in the aeriform state contain 
at the same temperature, and in equal qtumtities^ either of 
mass or bulk, unequal quantities of heat, the eonclusioa 
l)ecame probable, that the caloric evolved in combustion 
proceeded rather from the oxygen gas ot the atmosphere 
than from the combustible body ; since the former con- 
tains a much larger quantity than the latter. The caloric 
evolved was therefore .-supposed to be derived from the 
condensation oi the ox i gen ^c.s in the new combination in- 
to \\hleh it entered. 

Though approaddnt^ to the truih, this explanation is not 
strictly true. It is not merely from the oxygen gas being 
condenatd that the caloric is evolved, because in many 
cases of coi .bustion ihr prodtict siiil exists in the gaseous 
state, and m erl'd s .^e quantity of caloric evolved bears 
no proportion to the degree o! eondeusation. Philoso- 
phers ascribed this to a change of capacity, for iu dif- 
ferent bodies the difference in the prciportion of the 
cap.tcities before and a£^r combustion is by no means 
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uniform, and hence the di£ference in die quandties of cA- 
loric extricated in various cases of combusdon. 

This being premised, it remains to explain die orl^m 
of the U^ht emitted during combustion; for aldiough 
we take it for granted that die caloric is evolved from^e 
oiy^ gasy we cannot infer that the li^t has the same 
origm* 

It is very probable that lig^t is a constituent part of 
inflammable bodies ; for it is frequendy evolved in com- 
binations when the oxygen is merely transferred from one 
inflammable sidsstance to another. In those cases it must 
proceed from die inflammable body. The accension of 
oils by the afiPusion of acids (page 51) the combusdon of 
metals with sulphur (page 185) furnish instances of the 
kind* 

It seems therefore probable that the light is derived 
from the inflammable substance; and that the oxygen 
combining with the bases of these substances disengages 
the light. It is poaMle that part of it may also be derived 
from the o:^gen gas, but it is evidendy umieoeasaty to 

It may be concluded then that light enters into the 
composition of all combustible bodies ; but as we are im* 
able to separate the light so as to obtain these bodies puie^ 
we treat of them as simple bodies. . 

According to this theon% the combustion of phospho* 
nis in oxygen gas (page 228) isdierefore the effect of 
a double affinity. The basb of the oiyfen gas unites with 
the phosphorus to form phosphoric acid ; and the light 
disengaged from the phosphorus, together with part of 
that of the oxygen gas, produces the vivid flame. 

The quantity of light emitted by different bodies is 
supposed to depend on the quantity contained in them, 
and on the proportion in which it is united to caloric* 

Such is the theory of combustion of L a voisieTt modified 
by Dr. Parr, Gren, Leonhardi, Kichter, &c. 

Other teachers consider this theory as a modification 
of the old ductrinc of SiahU saying that light is substl* 
tuted for phlor^iston ; but this is a mere verbal conceit 
v. hich pn)l)ahly only originates irom the jnejudice which 
the partisans harbour in favour of the ohginal theory of 
Lavoisier. 

VOL« u 48 
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THOMSON'S THEORY OF COMBUSTION. 

Though the preceding theory of combustion is simple 
and beautiful, it appeal s, f rom what wc are now going to 
itate, to be by no means satisfactory. 

It has misled chemists by confining the term combus- 
tion to the act of oxygenation, and considering that all 
bodies, during their combustion, combine with oxygen; 
without at the same time recollecting, that this latter 
affect may take placL- \vithout any of the phenomena 
usually attendant on combustion; and that, thou^ cer- 
tainly all combustion pre-supposes the combination of 
oxygen with a bast^, \et this conibiiKition may be^ and 
repeatedly ? v, t ff' ( ted where no conibustion can possibly 
take place. Nothing can be more evident tlKin the dif- 
ference which in numberless instanees pre\ ails between 
the net ul oxygenation in bodies and thai ol combustion, 
in as much ns neither the phenomena attending on, DOT 
the results ai ising from, them ai e the same. Thatadia^ 
tinction therefore shouhi be made between these proccsWS 
is obvious ; and it is on this account that Dr. ThomflOli 
has offered a theor}' which considers this subject in a new 
point of view, and which bids fair to enable us to estinaatt 
the phenomena of combustion much better than has 
Mthcrto been done. 

Acc«tding to Dr, Thomson's* thcoty^ all the bodies 
coQCenied in combustion are either, 1« ComiustiMeSf 9* 
•Supporters of Combustion^ S. ^icomht$tiBk$* 
' X OftMBViTiBLE BODIES are those substances which 
are said in common language to hurru During the com- 
ftusttoii' tfiey appear to eiiutli{|^ and heat, and at the 
same tiine gradually vaste away. When this change has 
reach^ its nutximumf the procesa of combuatiott is at a« 
end* ' 

* ■ < < 
* 

» ' J a. • 

» NkMsoa's J<ninua> 1809, No. V. p. 10> 
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The class of combustibles is very numerous; but dfiSie 
bodies belonging to sit may be sub-divided into tl]iree.sel|y 
namely ; 

1. Simple combustibles, 
%. Compound combustibles, 
3* Combustible o^rds* 

Simple CombuaHbleSm 

1. SULPHUR. 3. DIAMOND, 

2. PHOSPHORUS, 4. HYDROGEN GAS, 

5. ALL THE METALS, 

Compound ComhuaHbleM. 

The compound combustibles consist of compounds, form- 
ed by the simple combustibles uniting together two and 
two, and are of course much more numerous than the 
»mple combustibles* They may be arranged under the 
five following heads : 

1. SULPHURETS, 3, CARBURETS, 

2. PHOSPHURETS* 4. ALLOYS, 

5. SULPHURATED, PHOSPHORATED, 
AND CARBONATED HYDROGEN. 

The combustible oxyds are either simple, having a sin- 
gle base, or compound, having more than one base» All 
the simple combustible oxyds are by combustion convert- 
ed into acids*' 

The compound combustible o3i^ds are by far the most 
numerous. 

IL The SUPPORTERS of combustion are bodies which 
are not of themselves, strictly speaking, capable of under- 
going combustion, but which are absolutely necessary for 
the process ; for no combustible body can bum unless 
some one or other of them be present. Whenever they 
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are excluded, combuBtioii ceases. All the supporters of 
combustion known at present are the following six : 



1. OXYGEN GAS, 2. AIR, 

3. GASEOUS OXYD OF NITROGEN, 

4. NITROUS GAS, 5. NITRIC ACID, 
6. OXYGENIZED MURIATIC ACID. 



There are indeed certain snbstances besides these 
which possess nearly the same properties; these shafl 
be afterwards enumerated under the title of partial sup- 
fortcra* 

They all conuun one common principle, namely^ 
oxygen. 

III. The iNcoiiBUSTiBLE BODXXs are neither capable 
of undergoing combustion themselves, nor of suppordag 
the combustion of those bodies that are ; they are there- 
foe not immediately connected with combustion* At 
present we are acquainted with about 1 3 incombustible 
bodies, not reckoning the compounds which they are ca- 
pable of forming with each other. These are. 



1. NITROGEN GAS, 2. THE ALKALIES, 
3. THE EARTHS. 

Some of the alkalies and earths possess certain proper- 
ties in common with combustibles, and are capable oi ex- 
hibiting phenomena somewhat analogous to combustion ; 
which will be described afterwards under the title of semi' 

combmtiGii. 

3. In every case of combustion there must therefore 
be present a combustible body ^ and a supporter of combus- 
tion. During combusLion, the combustible alw ays unites 
with the oxv^cn of the supporter. It is l/iis conic/ifiatioti 
which occasions the appcirt'iit iiHistc ana altfratwn oftlu 
combustible. The new cunipound thus iormed is a prO' 
duct of combustion, product of combustion is ci* 
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ther, 1. water ^ or 2. an actd^ or 3. a metallic oxy(L It is 
true indeed, that other bodies sometimes make their ap- 
pearance during combustiont but these will be found upon 
exanunation not to be products, nor to have undergone 
combu8ti(»i* 

Thus one of the two characteristic marks %irhich dis* 
dnguish combusdon, nsnnely, the apparent waste and 
alteration of the coTnbmtiblebodyy has been fully explained* 
For the explanation of it we are indebted to Lavobier, 
as stated before. 

'But though the combination of the combustible with 
oxygen be a constant part of combustion^ yet the facility 
with which combustibles bum is not proportional to their 
apparent affinity for oxygen* 

Phosphorus, fof instance, bums more readily than 
eharcoal ; yet charcoal is capable of abstracting oxygen 
from phosphorus, and of course has a greater affinity for 
it* The combustible oxyds take fire more readily than 
some of the simple combustibles ; thus charcoal bums 
more easily than diamond : alcohol, ether, and oib, are 
exceedingly combustible^ whereas all the metals require 
very high temperatures when the sqpporter is air* 

This greater combustibili^ of combustible oxyds is pro* 
bably owing to the weaker affini^ by which their particles 
are united* Hence they are more easily separated than 
homogeneous particles^ and of course combine more rea- 
dily with oxygen ; those simple combustibles which melt 
easily, or which are in the state of elastic fluids, are also 
rery combustible, because the cohesion between tibei^ par- 
ticles is easily overcome* 

It is owing to the same inferiority in the cohesion of 
heterogeneous particles, that some of the compound sup- 
porters occasion combustion in circumstances when the 
combustibles would not be acted on by simple suppor- 
ters* 

Thus phosphorus bums in air at the common tem- 
perature ; but it does not bum in oxygen gas, unless 
Its temperature be raised** In oxygenized muriatic acid 
gas, pnosphorus burns rapidly at the common tem- 
perature of the air, and so do several of the metals ; 
though they cannot be made to burn in air except at a 
very high temperature* Thus also oils bum rapidly when 

* In the g«seou5 oxyd of iutroj;;eu it rcqub-cs a still higher tempm- 
ture. 
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nixed with nitrous acid (p. 51)« Nitrous gas and the 
gsaeotts oi^d of nitrogen constitute excepdons to this 
rule. 

4m None of the products of combustion are combustible 
according to the definition of this process here given* This 
want of combustibility is not owing to their being saturated 
with oxygen; for several of them are capable of combin- 
ing with an additional dose oi it. But during this combi- 
nation no caloi ir or light is ever emitted ; and the com- 
pound formed differs essentially from a product o£ combus- 
tion; for by this additional dose of oxygen^ the product is 
converted into a supporter. Hence we see that combmtion 
ovght not to be cmfounded with the combination of a bodif 
with oxygen as is generally done. 

Combustion indeed cannot take place without the com- 
bination of oxygen; but oxygen may combine with bodies 
in different proportions without the phenomena of com- 
bustion ; and the product obtained is capable of becoming 
converted into sl supporter of combustion^ for instance: If 
lead be melted, and kept so for some time, it becomes 
covered with a white pellicle, or white oxyd of lead, a 
product consisting of oxygen and lead ; but if this white 
oxyd is suffered to be heated longer, it absorbs an addi- 
tional quantity of oxygen, and becomes converted into a 
yellow powder, called yellow oxyd of lead. If this yellow 
oxyd be again exposed to heat, it absorbs still more oxygen, 
and becomes converted into red oxyd of lead. All these 
oxyds are therefore supporters. When the supporters^ that 
formed by the combination of oxygen with products^ arc 
made to support combustion, the)- do not lose all their 
oxygen, but only the additional dose which constituted 
them supporters. Of course thcv are again reduced to 
their orip/inal state of products of combustion. Hence it 
follows, that they owe their properties as supporters* not 
to the rvhole of the oxyp^en which thcs* contain, but to the 
additional dose which constituttrd them supporters. 
may therefore call tht^m partial supporters ; indicating; by 
the term, that part only of their ox\ gen is capable ot sup' 
porting combustion^ and not the whole.''^ 

• Fh*. Thomson supposes that it is very possible that both nitrogen and 
muriatic acid may be products of combustion ; and in that case botli ttC 
compound and partial supporters would ag^ree with each otJwr incvwy 
respect. Ill the present state of OUT lOHywIedge, hawercr* it is 
sary todistinguian tbeqi. 
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All the partial supporters with which we are acquaintedy 
contain a metallic basis ; for metallic oxyds are the onl]r 
products at present known capable of combining with an 
additional doae of oxygen* It is a circumstance highly 
deserving attention ; that when metab are capable of com- 
bining with several doses of oxygen^ the product or oxyd 
formed by combustion is seldom or never that which con- 
tains a maA-hnum of oxygen* 

Thus it is evident that several of the products of 
combustion are capable of combining with oxygen. The 
htcombustibility of products^ therefore^ is not owing^ to their 
want qf affinity for oxygen^ but to some other cause. 
' 5* No product of combustion is capable of supporting' 
combustion* This is not occasioned by any wantof affini- 
ty for combustible bodies; for several of them are capable 
of combining with an additional dose of their basis. But 
by this combination they iose their properties as products, 
and are converted into combustibles* The process therefore 
differs essentially from combustion. Thus sulphm-ic acid, 
a product of combustion, by combining with an additional 
dose of sulphur or its oxycl, is converted into sulphureous 
acidj a substance which, from several of its properties, the 
doctor concludes to be combustible. Thus also phosphoric 
acid, a product of combustion, is capable of combining 
with phosphorated hydrogen, and of forming phosphorous 
acid, a combustible body. Whtni tliis last acid is heated 
in contact with a supporter, it undergoes com bastion ; but 
it is onlv the additional dose of the comf)ustible which 
burns9 and the whole is converted into phosphoric acid. 
Hence we see that it is not the whole basis of these com- 
pounds which is combustible, but nurely the additional 
dose. The compounds, therefore, formed by the union 
of a prod act and combustible, may be termed partial com- 
bustibles ; indicating by the name, that a part only of the 
base is capable of undergoing combustion, Smce the pro- 
ducts of combustion are capable of coml/ining with ox\ gen, 
but never exhibit the plienomeiia of combustion except 
when they are in the state of })artial combustibles, com. 
hustible bodies must contain a substance which uwy lose 
in burning, and to which they owe their combustibility ; 
for after they have lost it, they unite to oxygen wUhout 
exhibiting the phenomena of combustion* 
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ThoiiG^h the products of combustion are not capable of. 
supporting comlnistion, they not unfrequently part with 
their oxygen just as supporters do, give it out to combus- 
tibles, and convert them into products ; but during this 
• process, no heat or light is ever evolved. Water, for 
instance, gives out its oxygen to iron, and converts it into 
black oxyd^ a product, and sulphuric acid gives out its 
oxygen, to phosphorus, and converts it into phosphoric 
acid. Thus we see that the oxygen of products is capable 
oi convertinj* combustibles into products, just as the oxy- 
gen of supporters ; but during the combination of the 
last onlv are heat and light emitted. The oxygen of sup- 
porters then contains something which the oxygen of pro- 
ducts wnnts. 

6. Whenever the whole of the oxvgenis abstracted from 
products, the combustibility of their base is restored as 
completely as before combustion ; but no substance is 
capable of abstracting the whole of the oxygen, except a 
CQ7ubustibla or a partial cotnbustible* Water, for instance, 
is a product of combustion, whose base is hydrogen. To 
restore the combiistibility of the hydrogen, we have only 
to mix water with iron or zinc filings and an acid; the 
metal is oxydated, and the hydrogen gas is evolved as 
combustible as < \ er. But no substance, except a com- 
bustible, is capable of separating h\ drogen gas from w ater 
by combiniiig w ith its oxygen. Thus we see that com- 
bustibles arc capable of restoring the combustibility of the , 
bases of products, but the\ themselves lose their combus- 
tibility by the process, and are converted into products. 
Combustibility, therefore, may be thrown at pleasure from 
one body to another. 

From these facts it is obvious, that the products of com- 
bustion may be formed without combustion ; but in these 
cases a new combustible is always evolved. The process 
is merely an interchange of combustibility ; for the com- 
bustible is converted into a product only by meansof a 

Sroduct. Both the oxygen and the base of the product 
aving undergone combustiooy have lost something which 
is essential to combusdon. The process is merely a double 
decompostdon* The faroduot yields its oxygen to the 
combustible while at the same time the combustiUe gives 
out something to the base of the product ; the combusti- 
bility of that base then is restored by the loss of its oxy- 
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gen, and by the restoradon of something which it re- 
ceives from the odier combustible thus converted into a 
product. 

There is indeed another method of forming the pro> 
ducts of combustion^ without actual combustion in certain 
cases ; but the phenomena are much more complicated* . 
This mediod is to expose them to the action of some of 
the supporters dissolved in water, especially nitric add. 
Thus most of tiie metallic oxyds may be Ibnned without 
combustion by the action of that acid on the metab* But 
in that case a new supporter is always evolved, namely, 
mtrous gas ; ammoma^anew combustible, is also usually 
formed ; and not unfrequentiy the prodiici is converted 
into a partial supporter. 

7* No supporter can be produced by combustion, or by 
any equivsuent process* As all the supporters, except 
oxygen gas, consbt of oxygen combined with a base, it 
follows as a consequence, that oxygen may combine with 
a base without losing that ingredient, which occasions 
combustion* The act of combination of oxygen with a 
base, therefore, is by no means the same with combustion* 
If we take a view of tiie different supporters, we shall 
find that all of them which can be obtained artificially 
are procured* either from other supporters or by tlie 
agency of electrici^* 

I* OxTGEN OAS may be procured from nitric acid and 
oxygenated muriatic acid, two supporters ; and from 
several of the partial supporters, as the black oxyd of 
manganese, the red oi^ds of lead and of mercury* The 
action of heat is always necessary ; but the process is 
veiy different from combustion* 

1 1. Air, as far as is known at present, cannot be formed 
artificially* The gas, indeed, which comes over during part 
of the usual distillation of nitrate of potash and sulphuric 
acid to obtain nitrous acid, resembles air very closely* But 
it is obtained from a supporter* 

III* The GASEOUS OXYD iriTROGEN has hitherto been 
only procured from nitrous gasi and nitric acid (nitrate of 
ammonia) both of which are supporters. 

IV* Nitrous gas can only be procured by the decom* 
position of nitric aci4> a supporter* 

VOL. I. 49 
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V* Oxygenized muriatic acid can be formed by 
combintng muriadc acid with the oxygen of the black 
oxyd of manganese, the red oxyds of lead, iron, mercuiy 
&c* all of which are partial supporters* . 

VL NiT&iG ACID is formed ^ntaneously upon the 
surface of the earth, by processes with which we are but 
imperfectly acquainted ; but which certainly have no 
resemblance to combustion. Its oxygen b probably fur- 
nished by the air, which is a supporter : at least it has 
been observed, that nitro^n and oxyg^en at high tempera- 
tures are capable of forming nitric acid. 

This formation of nitric acid by means of electricity 
has been considered as a combustion, but for what reason 
it is not easy to say i the substance acted upon is not 
a combustible with a supporter, but a supporter alone« 
Electricity is so far from being equivalent to combustion, 
that it sometimes in a manner acts diametrically opposite ; 
unhurmng^ if we may use the .expression, a substance which 
has already undergone combustion, and converting a 
product into a combustible and 7^. supporter » Thus it decom- 
poses water, and converts it into oxygen and hydrogen gas ; 
therefore it must be capable of supplying the substances 
which the oxygen and combustible lose when they combine 
by combustion, and form a product*'*'' 

8, Several of the supporters and partial supporters arc 
capable of combining with combustibles, without undergOT 
ing decomposition^ or exhibiting the phenomena of com- 
bustion* In this ipanner the yellow oxyd of gold and the 
white oxyd of silver combine with ammonia; the red oxyd 
of mercury with r x;ilic acid ; and oxygenized muriatic acid 
with ammonia. Thus also nitrate of potash and oxygenated 
muriate of potash may be combined, or at least intimately 
mixed with several combustible bodies, as in gun-powder, 
fulminating powder, 8cc. In all these compounds, the oxy- 
gen of the supporter and the combustible retain the ingre- 
dients which render them susceptible of combustion ; 
hence the compound is still combustible ; ^nd in conse- 
quence of the intimate combination of the component parts, 
the least alteration is apt to destroy the equilibrium which 
subsists between them i the consequence is, combustion 

* The doctor does not mean to aiKnn that electricity nevec occasions 

combustion, the contrary of which is well known, btit that a combination 
produced by it is not always the same with combustion. 
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and the formation of a new compound* Hence these 
compounds burn with amazing facility, not only when 
heated, but when triturated or struck smardy with a 
hammer. Hiey have therefore received the name of 
iktonaling or Julmmatinff bodies. Thus we have fulmi- 
nating gold, fulminating silver, fulminating mercury, ful* 
nunating powder, &c« 

9* Sudi are the properties of the combustibles, the 
supporters and the products : and such the phenomena 
which they exhibit when made to act upon each other* 

If we compare together the supporters SLnd the products f 
we shall find that they resemble each other in many re- 
spects* Both of them contain oxygen as an essential con- 
stituentpartj both are capable of converting combustibles 
into products ; and several of both combine with combos* 
tibles, and with additional doses of oxygen* But they 
differ from each other in their effects oh combustibles* 
The former only produce combustion ; whereas the pro- ' 
ducts convert combustibles into products without tx)mbus- 
tion. Now, as the ultimate change produced upon com- 
bustibles by both these sets of bodies is the san^, and as 
the substance which combines with the combustibles is in 
both cases the same, namely oxygen, we must conclude 
that this oxygen in the supporters contains something 
which the oxygen of the products wants, something which 
separates during the passage of the ox} gen from the pro- 
duct to the combustible, and occasions the combustion, 
or emission of fire, which accompanies this passage. The 
oxygen of supporters then contams some ingredient which 
the oxygen of products wants. Many circumstances con- 
cur to render it ]irohable that this ingredient is caloric. 

The conilnistibles and the products also resemble each 
other. Both of them contain the same or similar base ; 
both frequently combine with combustiijles, and like^vise 
with ox3?gen ; but they differ essentially in the phenuiueiia 
which accompany their combination with oxygen. In the 
one case? Jire is emiftedy in the other not. If we recollect 
that no substance but a combustible is capable of restoring 
(onibustibility %o the base of a product, and that at its 
doing so it always loses its own combustibility; and if we 
recollect farther, that the base of a product does not exhi- 
bit the phenomena of combustion even when it combines 
with oxygen ; wc cannot avoid concluding, that all com- 
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bustibles contain an ingredient which they lose when con- 
verted into products, and that this loss contributes to the 
fire which makes its appearance during the conversion. 
Many circumstances contribute to render it probable that 
this ingredient is UghU 

If we suppose that the oxygen of the supporters contains 
caloric as an essential ingredient, and that light is a com- 
ponent part of all combustibles, the phenomena of combus- 
tion above enumerated, numerous and intricate as they 
arc, admit of an easy and obvious explanation. The com- 
ponent parts of the oxygen of supporters are two ; namely, 
1. a bascy 2. caloric : The component parts of combustibles 
are likewise two ; namely, 1. a base, 2. light. During 
combustion the lj:isc (A the oxygen combines with the base 
of the combustibk, unci iurms the product ; while at 
the same time the caloric of the oxygen combines with 
the lij,»ht of the combustible, and the compound ihcs off 
in the form of fire. Thus combustion is a double decom- 
position ; the oxygen and combustible divide themselves 
each into two portions, which combine in pairs ; the one 
corapoimd is the productt and the other the firty which 
escapes* 

Hence the reasoti that the oxygen of products is unfit for 
combustion. It wants its caloric. Hence the reason th^t 
combustion does not take place when oxygen combines 
with products or with the base of supporters. These 
bodies contain no light. The caloric of the oxygen of 
course is not separated, and no fire appears. And this 
oxygen stiU retaming its caloric, is capable of produdng 
combustion whenever a body is presented which contains 
light, and whose base has an affinity for oxygen* Hence 
also the reason why a combustible alone can restore com- 
bnstibili^ to the base of a product. In adl such cases a 
double decomposition takes place. The oxygen of die 
product combines with the base of th^ combustible, while 
'the light of the combustible combines with the Inse of the 
product. 

But the application of this theory to all the different 
phenomena described above is so obvious, that it is need- 
less to give any more examples* Let us rather inquire, 
with the author, into the evidences which can be brought 
forward in its support. 
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10. As caloric and light are almyi emitted during 
combustion, it follows that they mittt have previously ex- 
. jsted, in the combuetible, the supporter^ or m both* 

That the oxygen of the supporters contains either oi^e 
or both of these substances, follows incontrovertil^ from 
a fact already mentioned, namely, that the oxygen of pro* 
ducts will not support combustion, while diatof support- 
ers will. Hence the oxygen of supporters must contain * 
something which the oxygen of the products wantSf and 
this something must be caloric or light, or both* 

That the oxygen of some of the supporters at least con- 
tains caloric as an ingredient, has been proved in a satis- 
factory manner by the experiments of Crawford, Lavoi- 
sier, and La place* Thus the temperature of hot-blooded 
animals Is maintained by the decomposition of otr* 
Now if the oi^gen of one supporter contains caloric, 
the same ingredient must exist in the oxygen of eveiy 
supporter, because all of them are obviously in the same 
state* Hence we conclude that the o^gen of every sup- 
porter contains caloric as an essential ingredient* 

The light emitted during combustion must either pro- 
ceed from the combustible or the supporter. That it pro- 
ceeds from the combustible must appear pretty obvious, 
if we recollect that the colour of the light emitted during 
combustion varies, and that this variation usually depends, 
not upon the supporter, but upon the combustible. Thus 
charcoal burns with a red flame, sulphur with a blue or 
violet, zinc, with a greenish white, phosphorus with a 
white flame, &c. 

The formation of combustibles in plants obviously re- 
quires the presence and agency of light. The leaves of 
plants emit oxygen gas when exposed to the sun^s rays, 
but never in the shade or in the dark. 

Besides vegetation, we are acquainted with two other 
methods of rmlnirning' products, or of converting them 
into products and combustibles, by exposing them in cer- 
tain circumstances, to the agency of Jire or of ekctrwity* 
The oxyds of lead, mercury, &c. when heated to redness, 
are decomposed, oxygen gas is emitted, and the pure me- 
tal remains behind. In this case the necessar\^ caloric 
and light must be furnished by the fire ; a circumstance 
which explains why such reductions always requuc a red 
heat. When carbonic acid is made to pass repeatedly 
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over red-hot charcoal, it corobmes with a portion of char* 
coaly and is converted into gaseous ox}'d of carbon* 
If this gas be a combustible oxyd, the base of the carbonic 
acid and i|8 ox) gen must have been supplied with light 
and caloric from the fire ; but if it be a par^l comhisti- 
hht it is merely a compound of carbolic acid and char- 
coal : which of the two it is» remains still to be ascer* 
• tained* 

Electricity decomposes water, and converts it into o:^- 
gen gas and hydrogen gas } it must therefore supply the 
heat and the light which these bodies lost when converted 
into a product* 

These facts, together with the exact correspondence of 
the theory given above with the phenomena of combus- 
tion, render it so probable, that Dn Thomson has ven- 
tured to propose it as an additional step towards a full 
explanation of the theory of combustion* Every addi- 
tional experiment has served to confirm it more and more* 
It even throws light upon the curious experiments of the 
accension of metals with sulphur, which succeed^ as stat- 
ed already, in vacuo^ under mercury, in nitrogen gas, &c. 

Dr. Thomson has noticed that the same emission of 
caloric and light, or of ^rey takes place when melted sul-« 
phur is made to combine with potash, or with lime, in a 
crucible or glass tube, and likewise when melted phos- 
phorus is made to combine with lime heated to redness* 
He supposes that in all probability barytes and strontia 
exhibit the same phenomenon when combined wiih melt- 
ed sulphur or phosphorus ; and perhaps some of the me- 
tals when combined with phosphorus. 

The phenomena Dr. Thomson explains thus : 'Xhe 
sulphur and phosphorus are in a melted state, and there- 
fore contain caloric as an ingredient | the alkalies, earths, 
and metals which produce the phenomenon in question, 
contain light as an essential ingredient* The sulphur or 
phosphorus combines with the metal, earth, or alkali ; 
while at the same time the caloric^ to which the sul- 
phur or phosphorus owed its fluidity, combines vrith the 
li^rht of the metal, earth, or alkali ; and the compound 
flies oiF under the form of Jire. 

Thus the process is exacdy the same with combustion, 
excepting as far as regards the product. The meJted 
sulphur or phosphorus acts the part of the supporter^ while 
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the metal, earth, or alkali, occupies the place of xhtcomhus-' 
title* The first furnishes caloric, the second light, while 
the base of each combines together. Hence we see that 
the base of sulphurets and phosphurets resembles the 
base of products in beinp; destitute of light, the formation 
of these bodies exhibiting the separation of fire like 
combustion ; but the product differing from a product of 
combustion in being destitute of oxygen, Dr. Thomson 
distinguishes the process by the title of semi-comhustion ; 
indicating by the term, that it possesses oih. huW of the 
characteristic marks of coiubustion> but is destitute of tiie 
other hiilf. 

The only part of this theory which requires proof is, 
that light is a component part of the earths and alkalies. 
But as potash and lime are the only bodies of that nature 
which we arc certain to be capable of exhibiting the phe- 
nomena of semi-combustion, the proofs must of necessity 
be confined to them. That lime contains light as a com- 
ponent part has been long known. Meyer and Pelletier 
observed long ago, that when water is poured upon lime, 
not only heat biit light is emitted. Light is emitted also 
abundantly when sulf^uric acid is poured npon magnesia, 
or upon lime, potash, or soda, freed from the water 
of ctTstaOization* In all these cases a semi-comBuHhn 
takes place* The water and the acid being soUdifi* 
ed give out cahricj while the lime or potash gives out 

That lime during its burning combines with light, and 
that light is a component part of lime, is demonstrated by 
the foUowing experiment* for which nfe are indebted to 
Scheele* 

It has been mentioned already that fluor spar (fluate of 
lime) has the property of phosphorescing strongly when 
heated, but the experiment does not succeed twice with 
the same specimen. After it has been once heated suffi- 
ciently, no subsequent heat will cause it ^o phosphoresce.^ 
Now phosphorescence is merely the enJssion of light 
light of course is a component part of fluor spar, and heat 
has the property of separating it. But the phosphorescing 
quality of Uie spar may be again recovered to it, or which 
is the same thing, the light which the spar had lost may be 
restored, by the following process : 
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Decompose the fluate of lime by sulphuric acid, and 
preserve the fluoric acid separate. Boil the sulphate of 
lime thus formed with a sufficient quantity of carbonate 
of soda ; a double decomposition takc^ place ; sulphate 
of soda remains in solution ; and carbonate of lime pre- 
cipitate*;. Ignite this precipitate in a crucible till it is re- 
duf'd to lime, and combine it with the fluoric acid to 
which it ^vas forn.crlv united. The fluor spar thus re- 
^n^ratcci jjhosphoresces as at first. Hence the liine 
during its i^mitlnn must have combined with h^ht. 

That potash contains light, may be proved in the same 
manner as the existence of that body in lime. Now as 
potash is deprived of its carbonic acid by lime, the doctor 
supposes that the process must be a double decomposition; 
namelv, that the base of the lime combines with carboQiC 
acid, while Its bght combines with the potash. 

These remarks on semi-combustion might easily be 
much enlarged upon. For it is obvious that whenever 
a liquid combines with a solid containing light, and the 
product is a solid body, something analogous to semi" 
combustion must take place* Hence the reason why water 
increases the violence of combustioa when thrown spar* 
ingiy into a common fire, &c. 

Such is the theory of Dr. Thomson, against which a 
few objections have been advanced bv an anonymous 
writer (Nicholson's Journal, July 1802, p. 206.) but 
there is little doubt that these objections will soon be re- 
conciled, when the ingenious investigations ot Dr. 
ThomsoQ have been the subject of further consideration. 



END OF VOLUME I. 
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SttMean Theory. It is nercssriry to explain what is the Stahlcan Theo- 
ry; according to which, there is "only one substance in nfttnrc eapable 
of being butnt or inflaincd. Combustion thercfoi-e accordhiff to Stahl, 
consisted in the disunion of this prijiciple of iiiflaniniubility called by him 
ML0OI8TON, from the inflammable body: durinp,' combustion the phio- 
riston combines witli heat, and is exhibited when so combined m iht 
form of fire or tame: when aU the phlogiston is disunited from the in- 
flammable hody» this latter is no longer hiflammablc. Accoi dhig: to this 
theory, metals nr<> peculiar eartlis united chemically to phlogiston ; when 
by exposure to strong heat in the open air, or by solution in acids the 
phlogiston is separatea, the metals lose their metallic properties, and 
{ecome calcined; the term calcc, or metallic calx, mcanmg under that 
theon-, V hat oTi/d means now. Those metals which would not part with 
their phlogiston by calcination in tlie open air, such as gold and silver, 
and w^iose calces oouldfegain it without the addition of inflammable mat- 
ter, were the perfect miRtids : the rest were called imperfect metals. Wheit 
by means of heat, the uninflammable calx of a metal was tieated with any 
inflamm tble substance, as charcoal, the phlogiston of the charcoal left 
the charcoal, and united with the metallic earth or calx : Hi this case, 
the charcoal became an incombustible substance, and the metallic earth 
was reduced (1. e. brought back to a metalline sUte) or revived t and 
again acquire d tlie property of being combustible. _^ , . _ 

So when sulphur was bumtin open air, it became converted mtotlie 
sulphuric or Titridlie acid (so called because this acid used formerly to 
be procured from green vitriol.) Here then, the phlogiston of the sulpl -or 
being l)umt awav, the sulphur became an incombustible acid. \Viicn 
this acid was u eated with phlogistie or inflammable substances, it be- 
eame sulphur again, as when sulphate of soda was fused with charcoal 
in a strong heat So when tlie combination of potash and sulphur called 
liver of sulphur, was exposed to heat in open air, the produce was 
sulphate of poia I'he inference seemed clear that combustion cob- 
nsted in nothing more than the separation, by means of heat of phlo- 
ffiston. or the one common principle of inflammability, irom the 
lodies with which it was united ; that bodies united with or contain- 
inir phlogiston, us wood, wax, oils, resij-^, charcoal, coal, 8u:. were 
coofus&le and inflammable, in consequence of Ihis ummi aim ; and 
when disunited were no longer «>. 

TOX. 1 ^ 
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But Jolin Bey, a French chemist, bad noticed that metallic eartlis 
or calces aofidted wd(s*Al durii^ their caleination $ and Xjnomer by a 
tram of moat ingenious experimental abowed that tlie weight thus ac- 
quired, was owing- to the oxygen or pure p»rt of atmospheric air imbibed 
during the process of calcination [oxydation.j That sulphur, also^ on 
being- burnt, abaorbol and coiiiMned with, the oxygen of the atmos- 
phei tr, and an acid waa produced heavier than the sulphur employed, by 
the whole weight of pure or oiqrgen air which the atmoaphoric air had. 
lost during the process. 

8tabl*a uieory, therefore, could not be true, which explamed combus- 
tion by means of the ^««of one of the principles of the inflamed body t 
for instead of lining in weight, it ought, nccording to that theory, to 
lose in weight. Kirwan, Keir, and Priestley long opposed this reason- 
ing. Phlogiston, they said, was the inflammable Mr (hydrogen as it 
ia now called) which wasaeparated firan) metals during their solution in 
acids, and which formed a part of all combiistihk- bodies. Still the acces- 
sion of weight, where there ought to be a loss of weight, was not ac- 
counted for. 

The French ch6mist4 then went further, and showed that the inflmi* 

m:ihk' air Caiiie from 'lie water, raul iii lihcr from llic metal nor the acid. 
They dcconipusetl water into miiunuiuibie air and pure air, (hydrog-en 
and oxygen) tliey composed water, bv burmng togetiier, giadually, 
streams of hydrogen and oxygen : they sliowed that aulpbur and oxygen 
formed sulphuric acid ; Vh-.l' metaUand oxygen formed metallic earths, 
calces or oxytl-s. They showed that wlien the oxygen was driven nW, the 
nielal was revived, wiUioui Uu uddiUou of »i\y principle of intiammst- 
bility ibr the purpose. For the Stahlean Theory tnerefbre, which 
made combustion to consist in tlie extrication of pldogiston by means 
of heat, they stibstitnu d the Lavoiscriaii FrcTicli Theory, which 
nutkes il to consist in tlic imion of oxygtn to au iuh»inn.ablc body. That 
theory has long reigned triumphant ; but facts seem to indicate nev«r> 
theless, that there is such a sub.stancc as phlogiston, a principle of 
inflammabdity coiiin>on to bodies capable of beuig inHamed ; and. 
when uiuicd to caloric, foriiiing iivdixi^^eu gas ; and producing beat^ 
and sometimes flame when it su4fdenly and violently unites to oxy- 
gen ; and that cond)Ustion is nothing more than the union of oxyg«n 
and phlogiiiton, during which the latent heat of the two bodies t!io-5 
combining, is set free ; tins heat is more violent in proportion to the 
quantity of the two substances combioec^ and the suadenness of their 
combination. 



PAGi: ol. NO. 2. 

Dr. Ilutton's Theory has been veiy ably defended and illuatvated by 

Professor Flayi'air of Edinbnrgli : nnd Dr. James Hall in his papers on 
tlie Effects of Heat Modified by Compression (13 ind 14 Xicholsf>n'H 
Journal) has shown that many appearances of carbonate ot iuuc, which 
it waa supposed nothing but watery solution could occasion, may be 
produced by heat, un(U r a pressure which prevcnis the escape of the 
cai'bonic acid. His experiments also <^o far to shov. that the coal ^Tnua- 
tionshave probably been produced in the same way. 
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The facts hitherto observed, show, that all the transition and secon 
dary mountains have at one time or other been covered with water ; 
for the veg-etable and animal rem:* ins found in them, can no otherwise 
be accounted for. But facts hitherto observed, do not show the same 
as to the granite and porphyry ridges which form the highest points 
of tlie highest mountains. There is no satisfactory evidence of any 
such remains being- found in these primitive formations ; which are 
so denominated and, classed, from the fact of tlieir containing no such 
remains. » 3 . ■ . , . ,^ > 



. ' , ' . •. . PAGE 42. NO. 4. 

Vegetables are fixed by the root, but they have loco-motion in their 
stem, bn<nches, and lerives. The sun-flower has been observed to have 
its disk mostly turned to the sun. The hop winds round the pole in a 
similai' direction. I^t light be admitted, only through a hole, into an 
apartment, and a plant placed there will shoot in tliat direction. The 
roots of plants growing on walls, as house-leek, and of trees growing 
amid rocks, will turn out of their way to seek for nourishment, m joints 
and crevices. The contraction of the various species of mimosa or 
sensitive plant, of the dioncca n»uscipula, or Venus*s fly-trap, of South 
Caiolma, tliC hedasgrum gyrans — die bending of the' stamina of the 
water-lily, to fuciliiatc the process of impregnation, and many other 
facts collected by Dr. Percival, of Manchester, the bishop of Land^df, 
and Dr. Smith, of Litchfield, tend to mukc it ratlier probable than 
otherwise, that vegetables have tlie faculty of sensation, if not of volun- 
tiirity ; and thai the living voget..ble, like the living animal fibre, is, in ;dl 
cases, endowed with the property of coalraclility, on the application 
^f appropriate stimuli. • . • -i . v- 
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The only two essential properties of matter arc extension and impt' 
■netr ability t frequently, though impropei'ljr, teinaed solidity ; for tlie oppo- 
site to solidity, is fluidity. * • ' ^' * , 

These two properties of matter, are resolvable into the properties of 
attraction and repulsion, which appertain to every particle of matter at 
g^iven distances ; and as the planetary system hts, so also has each par- 
ticle of matter, centripetal and centrifupl forces. Matter is not inac- 
tive Jind inert, I)ut is incessjintly repelling or attracting otlier matter. 

A few observ ations on this subject, not usually noticed in elementa- 
ry books of chemistry or natural philosophy, may not be out of 
place. ' ' 

Father Boscovick, in his Theoria Philosophia: Naturalis, Mr. Mitchell, 
in the Philosophical Transactions, and Dr. Priestly, in his Treatise on 
Matter and Spirit, particularly the latter, havo suggested that all mat- 
ter may be permeablu to other mutter; and that mere physical points;, 
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endowed with the properties of atLraction and repulsion, trc sufficiciit 
to account, in a general way, for all tiije phenomena of lilC UttUsnil 
worl<L Tiu§ opinion tfipean to be liable to an iiiBii|Mnb]e objcctkni. 

Every j)roperty must be the prope r '^y of 30Tnfhin^:r. A property is oot 
Coi-cc;v<«ble, which is the proj^nu ot n(>tiung. in the character of 
relate and con-elate, something: is iieceasanly implied, as the subject 
which u ]jiM;,cny or attribute it attacbeA— m wbiA. it iiiharvii 
to which it belong*. If there be attraction and repulsion, there must 
b«- som- lliliig- which attracts and repels, which is atti-actt-d and repel- 
led. This cannot be a mere ens rationis, a non-cntiu-, a physical point. 
There ajne, thereibtv, primarr atoina or moleenlet or matter, «liioh» at 
certain dbtances, attract each other, and b}- means thereof, cohere and 
form an extended body. For if they were not connected br such a mu- 
tual attractive power, they would separate, and no exiei>ded body 
would appear. Hence, eaetentivHf dapandi on the attractive power be- 
longing to each particle of matter, mutually exerted. 

Rut at certain distances, each particle of patter, and each oonj^eries 
of particles repel each other, th.it is, pi^vent any other particle or col- 
lation of particles, firom occupy ih? the aanie portion of apace. I press 
my hand against a table, and 1 fifnd it is reaat^ or repelled . This pro . 
perty is the property of repulsion, and gives rise to the other attribute 
or quality of matter, impenetrability. 

That each particle of matter keeps each other at a distances and that 
no two panicles (atoms or molecules) are in absobibe contact appears 
probable from the following facts. 

Ist All the great musses of matter, as the planetary system, require 
l^th attractive and repulsive powers (centripetal and ceu^ifugalfofces) 
ig> account for the phenomena they present. 

2Jly. The particles whe reof ail kinvvn bodies on the earth's surface 
are conipost-d, can be brought nearer by cold, and removed farther from 
each othpr by heat, without solution of continuity. This is the founda- 
tion, of all experiments with the thermometer and pyrometer. Thus, 
mc rciiry and spirit of wine, expand in ilic glass tube, on the application, 
of lic:it. ' Tf u polished cylinder of tin, which ucctirutely fits a ring", be 
exposed to a boiliiij? heat, it will no longer uitss tluough tlie ring. 

3dly. Sir Isaac Newton has shown that the particles of light are re. 
fleeted Lind refracted before they come in iictual contract with the body 
Nvhich produces tliis ef?> rt. Sec the lliird book of his optics, aiul the 
three first queries, bo, a convex lens laid upon a polished glass, does 
not touch it by the 137tli of an inch i a distance that can be diminished 
but not annihilated by great pressure. 

4thly. Mr. Mitchell has shown, that a drop of waterrolUng OQ a cab* 
bage leai, is never in actual contact with the leaf. 

JHihIy. A drop of oil poured upon water, is not in contact vnHik the wai> 
ter whereon it rests. 

6thly. Dr. Priestly has shown, that it requires considerable force to 
bring pieces of moneyi lying on top of one another, into sensible or ap- 
parent contact. 

/tlily. The electric spark is visible at eveiy link of a suspended chain» 

forming part of an electrical circuit. 

' 8tbly. In ail cases of ctystallization, as the particles when crystal- 
lised, occujpy (as in the case of ice) more room than beibrct the parti* 
cles mu$t be repelled^ as well as attracted^ m the direction necessary 

to form the crj'stal. 

^ It has been supposed that all the various kinds of attraction and repul- 
sion, are mere modifications of one and the same general property of the 
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ultimate particles, molecules or atoms of matter. They may be so, but 
in the present state of our knoMrledge, the attractions and repnlsioasof 
gravity (plunet^iry) of cohesion, of chemistry, of electricity, of rrarrnct- 
ism, of npLjc;-Ll phenomena, of crysUilli^^ation, appear so distinctly cba* 
ractcrizcd an not yet to be resolvable, tiie one into the otiier. 

Thus it appeanitluLt aUbougfa a state of inactivity* a vis inerttae, an 
indift'erence to a state of motion or rest, may be predicated apparently 
of the rr.asses of matter on the etirth's surface ; (which, however, ac» 
cording to the experiments of Dr. Maskelyn, on Uie attraction of the 
hill 8cnchrflien,do nevertheless perpetually and mutually attract eacb 
ot!ier) yet as to all the more intimate and minute particles, of which 
bodies are composed, these are in a perpetual and active state of mutual 
attrj^^tions aixi repulsions, giving rise to the incessantly- con tinuing, 
never-ending^ deoompositiooB and reeompositioiiS) to which all bodies on 
our earth, at least arc manifestly subiect. 

l^riestly, and some otlier philosophers, have supposed the ultimate 
particles of matter, to be surround^ by alternate spheres of attraction 
and repulsion. All this m mete eoojectme. The most plausible, not 
to say probable hypothesis, to account for the apparent contradictory 
phenomena of attraction and repulsion, as appertaining' to the ultimate 
molecules of matter, is that of Father X^uscovick, in his Theoria PMioaO' 
jkAMT JVhMrafi^ Tile etim he has assigned to ilhutnte the gradual hu 
crements and decrements of these forces, and their graduikl receding 
into the character of each other, is so ingenious and so seemingly cor- 
respondent witii the piienomeiia, that I cannot but recommend it to the 
attentive consideration of the student. Frofessor Robeson, of Edia- 
burg'^has given a good abstract of this theory* at the end of the article 
J3o8covichy in the nrst volume of tbs suppteMcnt to fiobsoa'a edition oi 
the £dinburg EiM^ck^edia. 
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The weig;ht which metallic wires, one tenth of an inch in diameter, will 
bear, is criven by Accum so difierently from the experiments of Count 
itickengcu, that i give the results of the latter, iron, 7 05 lb. avoirdupois. 
Copper 38r. Platina S51. Silw 339. Gold 191. In the 86th Vol of 
Nich. Joum. 103, there is a paper by Guj^on Morveau on the subject, 
by whicli it appears, that a wire of 2 millimetres, (787 of a line En- 

Siish^ supported before it broice the following weightSy in pounds avoir- 
lupois. 

Iron, *».25(54914) Gold, 1.W.75S 

Platma, 274.32 Zinc, 109.540 

Copper 302.278 Tui 34.63 

saver, 187.137 Lead 12.371 
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Chmkal ajbdty. Solve •dditloiv maif mfully be auide t» Aceum's 
account of this tnbjeet 
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The clifreience between the attraction of gravitation and chemical at- 
traction, is, that the former acts on the m»M^ as a stone ; the latter <» 
the ^wrticles that compose the stone. The fornu/r uctn : A distances sen- 
sible, measurnblt' : tlie latter only ut insensible distances. Chemical af- 
iiiiity or attraction, ditiers from tiie attraction of cohesion or corpuscular 
attraction, in as much as the latter takes place between similar, the for- 
mer onlv between dissimilar particles. 

So in tlie attraction of muii^ietism the force exerted operates on the 
mass, :ind at coiisiderable distances, which is not the case with the at- 
traction of chemistry. 

fin the case of optical att, t tinn, the forces operating- on Uie mys of 
li T^^t. operate at rt «listance which can be nuide sensible, not so in the case 
of chemical attraction. The bodks that reflect or refract a ray of light do 
not alter its properties : tfie particles that operate on each other by che- 
mical affinity, effect on each otJier a change of pi-opertics. In all cases of 
bodli s Tinited or disunited bv the forre of chemicul attraction a chanpre of 
properties, and a new and different body, is produced Of late Mr, Davy 
(now Sir Humphrey Davy) has broug^ht forward experiments that tend 
strongly to pit)ve an intimate connection at least, between Galvanic (Vol- 
taic) elcctririiy, and chemical affinity : hut the facts do not afford sutis- 
fuctory proof of perfect similarity. For, electricity ucts at great distances, 
as We see in the cases of the common lig'htning'-rod upon a jagged cloud— 
in the case <if the eleetrlc spaik and the electric shock, taJcen at a dis- 
tance of an half an inch or an inch. A^ain : electricity pr sscs along^ aiid 
through substances, combines with, and adheres to substimces, without 
changing their properties; as tlirou^h metals and probably gl.iss ; it 
forms an atmosphere ronnd.the conductor; it c«n be condensed by 
the condenser; it c; ti rr mhine witli and even melt substances, an 
iron rod, witliont eliung'inf'; any of tlieir known chemicul properties, 
ilence I must greatly hesiUilc before i can fuiiy assent to the identity 
of the two forces. 

The force of chemical affinity. Is the same in the same particles, but 
different in different particles. 

When two bodies are tmited chemically, the chemical attraction, 
which preserves tiieir union, is termed fidetcent affinity. When the 
same two bodies are disunited, by means of a third or a fourth, the 
chemical attraction which operates their disunion, is termed dh^U^nt 
affinity. Wlien the sum of tiie divellent affinities, exceeds tliat of the 
quiescent Affinities^- disunion takes ]>laoe< Thtts, if sulphtiric acid and 
soda, imite with a force equal to 4, to form Glauber's salt, and muria- 
tic acid and linie, nnile with a force also equal to 4, to form muriate of 
lime, the quiescent aliinities will be expiessed by liic number 8. But 
if sulphuric acid and lime unite with a force equal to 5, and muriatic 
acid and soda, also witli a force equal to 5» thai the divellent affinities 
arc the strongest by 2, and disunion t.kes place. The sulphuric acid 
and lime form g\-psum, and the muriatic acid and soda, form common 
salt. This play of affinities is true, as a general rule, but it is liable to be 
counteracted by die insolubility of the substances, wltich may requij*e 
solution or trituration, to overcome tlie force of cohesion; and-by the 
want of heat or caloric, to assist in separating their partii. 



Glauber's Sulpli. ac.> ^ C Soda Salt 

Muriatof Muriatac.5 ' ' (.lAxa/t , Lime 

Sulphate of I Sulph. ac.^ • « CUme Lime 

Muriatof Mmiatac.5 CSpda Soda 



Digitized by Google 



r 



APPENDIX. 399 

Aocording to this diagram, when muriate of lime an 1 rnauber's salt 
are mixed together in solution, {n psnm will fall down and the supemai* 
taut liquor will contain common salt or muriate of soda. 

Accum h«s mentkmed Bert1iottet*s diBcoverj-, tbat chemical affinity is 
not always invariable and exclusive in its action, but may be greatly 
inodificd. 1st, by the proportions, in the masses of matter, presented 
for decomposition thus, thougli A may have a stronger affinity for B, 
than C has, yet the quantity of C may premit tiie exclusive union of A 
with B ; so an equal part of litharge will not decompose conunon salt^ 
but if 5 or 6 times the weight of llthart^c be used, disunion will take 
place between tiic muriatic acid and the soda. 2dly, by the circum- 
stance, that a body fully saturated wiHi anotho', as manganese with 
oxygen, or potash with carbonic acid, ia more easily decomposed than 
a body which is not saturated. Thus, you cannot, by heat, expel the 
last portions uf oxygen from mangaueiie i and when crystallized carbo- 
nate of potash, saturated with carbonic aetdi is exposed to red heat, 
you can do no more than get the common or sub-carbonate of potash ; you 
do not, by heat, get the potash quite free. Tlie last portions of acid 
arc always obstinately retained. 3dly, by the atti-actions of gravitation 
and cohesion, by defect of temperature, by elasticil) , and in a case or 
two, (as in a paste of lime and common salt) by the effloi-escence of one 
•f the substances protecting the mass unoemeath. Bert hollet, 4thh% 
states, that the chemical attractions of a compound, are no more thaii 
tlie sum of the chemical attractions of its component parts, mo<lified as 
above, in law 3d, a position which is not, in my opinion, fully made 
out ; for it if? possible that new attractions may arise trom the alteration 
in tile shape and magnitude of the particles, com.posing the compound : 
and the atti*action which governs crystalli/ation, appears to me a preg- 
nant instance of this. The other parts offiertboUet's tiieoty seem well 

supported by undeniable facts. 

But this systemiof tiie hiws of chemical attraction or affinity, advanced 
by Bertliollet, is not in full accord with another, Uiat promises to become 
more fashionable, though not yet supported by proofii from inductioa, 
sufficiently numerous and accurate. 

It had long been known and observed, tliat while cci-tain bodies (as 
the mineral acids and alcohol vviih water) combine in any proportion, 
oertain other bodies seem to combine only in definite proportions. Thus, 
a given quantity of water, will take up only a given quantity of salt : 
a g'lvcn quantity of alkali, will combine with a pven quantity of acid, 
and no more, so tliat in salts, perfectly neutral, tiie quantities of ilie 
base and of tlie acid, are at all times combined in one and the same 
proportion. In like manner, though oxygen will combine wiUi metals, 
it docs not aj>p' ar that it will combine with them in any, but only in 
certain proportions. Sometimes a metal will combine with one quanti- 
ty of oxyg-cn, forming what is called a pntoxyd, sometimes also with a 
larger portion, a deutoxyd / sometimes witli a still larger dose, a iritoxyd^ 
the highest portion of oxygen, combined with the metal, formh\g a max- 
imum, or peroxyd. But although the metal will ciMnbiiie with an^ of 
these proportions, when circumstances are fiivourable to the combma- 
tion, it is supposed or assumed, that it will never combine with any in- 
termediate quantity. Thus if ijie protoxyd be composed f)f oxygr^n -^4, 
and the deutoxyd of oxygen ;»8, the metal is not tound combmed with 
the proportions, 5, 6 or 7. Lead is an instance of a metal combining with 
lour doses, the ash-colom-ed, tlic yellow, the red and the puce-coioui^ 
oxyd. Water is the only combination yet kiiov n of oxygen and hydi*o- 
£^ca only; and they combine but m one piuportion, to wit, ii5 and 15. 
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The quf stion ia, ^rhrthfr this tcndcnc)', to combine in definite pfopor- 
tions only, is a law ot cliemical uffinily, and how tar it extendi. 

In the year 17B9, Dr. liry-dn iiig^mnf a lecturer of chemistry, in Lon- 
don* Advanced the opinion* that bodies combine either one particle with 
€iiie» one particle with two, or with three or more. About the year 1802* 
Mr. Dallon, of Manchester, adopted a similar hypothesis, which it is 
necessary to give sotne account of, as it has been udopted also, with 
few modificatKMis* by Gay Lossac and Thenard, by Dr. Wollaitoii and by 
8ir Humphrey Davy ; and has been opposed by Mr. Murray, lectors in 
chemistry, at Ed in Durg^i, and by T)r Rostock, of LiverpK)!. 

Itmoiit be remarked tbac (in my o])inion us yet) Mr. Daiton's notions 
do not amount to a thaorjf, aecountinc^ for discovered fiicts, but to aa 
hiffntheth only, to be supported by neU yet remaining to be diaoo- 
Vt-rcd. 

Mr. D iltOQ, in his Chemical Pliilosophy, assumes certain postulata. 
1st. TiiAt when bodies combine chemically, the^ unite in determinate 

proportions. 2dly. That when two bodies unite m one proportion only. 

It is n asonublc lo b*. lieve that they unite pai-ticlc to particle, ■^od Iheti 
ttie combination is binary. 3diy. When bodies unite in two proportions* 
they must i>e presumed to be binai^ and teniaxy. Wben in three pro* 
portions, we ma> expect one to be binary, and the other two ternary. 

\vhen in four, we ni:ty expt ct one binary, two ternary and one quat^- 
nary, this being (u i)rif)ri) ilicir most p. obablc mode of union. 

The following Tiiblc will exe mplify Mr. Daiton's notions in this respect- 

1 atom of A -f* 1 atom of 1! = 1 atom of C, a binsry compound. 

1 atom of A -|- 2 atoms of B = I atom of D, a tcniaiy compound. 

2 atoms of A 1 of B = I atom of E, a tecnaty compound. 

1 atom of A -I" <^ atoms of B = 1 atom of F, a quaternary compound. 

3 atoms of A 4- ^ of B =: I atom of G, a quaternary compound. 

This system is adopted by Dahon, Wtilluston and Davy Gay Lus- 
sac applies it also to tlie phenomena of gases in parucuiar, wiiicU he 
tiiinks (and indeed renders it probable) unite in pn^rtions, dependent 
upon their quantities. Mr. Dalton*s expression of tins, his hypotheaia^ 
theory or system, is, " that in all cases the simple elements of bodies are 
" disposed to imite atom to atom singly ; or if eitJier is in excess, it ex> 
"ceeds by a ratio to be expressed by some simple multiple of tlienum* 
** ber of its atoms.*' 

In conformity to this, Davy says, "It would be easy to bring forward 
« a gi-eat collection of evidence to show, that in all compound gaseous 
** bodies, the quantities of the elements are uniform for each species ; 
** and that when two gaseous elements combine in more than one pro- 
** portion, that the second or third proportion is always either a multi- 
*' pie or a divisor of the first ; and tiie case seems to be analogt)us with 
** resiKrct to all true chemical compounds, whether solids or Huids, in 

which no mechanical mixtures can be suspected, and where no par- 
*' tial decompositions can have tuki;n phice." F t this collection of evi- 
dence, the student is referred (a tU r a careful perusal of lierihol let's 
tract on chemical aliuuty ) to iJaltou's new Chemical Philosopiiy, and 
to Davy's Elements of Chemical Philosophy, wbei-ein all the striking 
and prominent facts of induction are bi out,hl forward. 

This is a very important view of t!ic doctrine of rlir niical altniction ; 
and if well founded, promij>es to aiiord i*esuits and uitcrenccs of great 
utility. For instance, it enables us to arrire at the relative weights of 
the atoms, or ultimate particles, whether of a siirj)le or a compound 
body. Suppose (which is vety nearly, but so far as depends on cxperi* 
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metityiiot accurately true) that oxyg-en »id hydrog^cn combine togetiier 

to form water, in tlie |>roi)ortion of 85 oxy^ii, 15 hydrog'cn, by weight. 
As this is the on!v proportion in which they arc certainly known to 
unite;^ it is prcsumubic tliat one particle of" oxygtin combines w ith one 
particle of hydrogen. The weigiit of oxygen then, is to hydrogen, as 
85 to 15, or 5.5 to 1. Again, ammonia appears to be a compound 
of 80 nitrogen or azote, to 20 hydrogen ; thei-efore, the weig-ht of an 
atom of nitrogen is 4 times that of hydrogen, and niti-ogen and oxy^^ 
are to each oUier, respectirety, as 53 to 4. It is true uiat the. specific 
gravity of l^fdrogen gas, is to oxygen gas, as about 1 to 15, but these 
gases consist of bases united to caloric* and the preceding cfdculatioana 
may perhaps, apply to those bases.* 

This very neat and plausible aspect of chemical affinity^ is oppos^ 
by Dr. Bostock and by Mr. Mmray^ on considerations whereof the foU 
lowing is a brief sununaiy^dnwn up from their examinationB of Dalton's 
hypothesis. 

1st. It isaspnibalde* a prior i| that a compound never found but in one 

proportion, as hydrogen and oxygfen, may be a ternary or a quaternary 
combination, as a biriary one. Why nuist it be taken for granted, that 
only one atom of hydrogen unites to one atom of oxygen, to foripi water ? 
Fov anght we know, water may consist of two or tiufee atoms, of one 
united to one atom of the otheTk Tim oljection liolds still more strong* 
ly as to the tematy, .quatefnary and more comi>licated combinations. 
Hence the very foundation of the whole system is gratuitous ; for on 
this siqipQaiitiDin, ail the computations rest. 

Sndhr. Because vre have hitherto produced no other than one combiiuu 
tion of hydrogen with oaygcaij it docs not foll'ow th.ixt no other can exist. 
'So far from it, tliat in the second part of his system, Dalton endeavours 
to ^hcfw tiiat the fiuoric, muriatic and oxymuriatic acids, are compounds 
of hydrogen and oxygoi^ and computes the elementary atoms that enter 
into their composition. 

3dly. When this theory is applied to facts, apparently established on un- 
ezcepiiQnable au^ority among chemists, as to the various combinations 
of sulphur, carbon and nitrogen with oxygen, the numbers resulting 
from tlie tin nry, do not coincide with the fiusts, as Dr. B(Mtock has 
shown at length. (28 Nichols. Joum. 288.) 

4thly. Suppose with Mr. Dalton, that water contains 7 parts of hydro- 
gen, and one of oxygen, then either one atom of ozjrgen is seven tunes 
heavier than one of hydrof^en, or there ai-e seven times as many atoms of 
the latter, as thcr,- are of uxyg-cn. Mav not cithf.r of these alteriuitives 
be assumed i* a priori, the one is just ui> probable ad the other i nor has 
Bfr. Dalton assi^ed any reason for the preference he ^ives to his pwn 
assumption, cxcc])t that it is more ag^i-eeuble to the simplicity of na- 
ture, about whicli we know nothing. These are the sobstanco of Dr. 
Bostock's objections. 

To these Mr. Murray adds, 

5tl)ly. Kertliollet lias e.sf ;;blished, that bodies act chemlcaUy, not only 
in the ratio of th -ir affinity, but of their affinity and quantity. With 
this law, Daiiun's iiypotlicsb cannot be reconciled. For if conibxiiaUoa 

•I suspect a mistake in all Davy*s calculations of numbers, to ex* 
press substances (('hem. Phil. 112.) arising- from this source. When 
two raeasuivs of hydrogen gas are burnt, with one measure of oxygen 
gas, water is formedf but the bases of these gases unite with a part of 
their caloric only. That portion which is necessary to enable a fluid 
to become a gas, escapes. 

VOL* I* 51 
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takes place between ttro bodiev in determiiMte proportions, if one atom 
of A is disposed to eotnbtnc directly with one stom of B» theie can be 

no accessioTT offeree by ilie i-pplicatloii of ever f50 many atonjs of 1* 
While, if it be true, tliat bodies act in the ratio of their affixuty and 
quanti^, it appears to follow «l|at tlieir power of combination^ unless 
arrested by external circumstanoes^inust be unlidlited^ for the actkn of 
fiTu Tnmiber of partioks of tbeone bo<fy, magr be extended to one parti' 

clc ot the other. 

6tiily. The coincidences between the chemical facts and the theory, 
are not yet sufficiently nu$mrou9 to aiibrd ground for an inductkm ao 

ImporUml. Tlier are frequently nothinjc more than appr^matiorift to 
evidence in support of this theor}', asin the case of the proportions that 
form water. The present state of chemical analysisi, is not sufficiently 
meewrate and tehmifie, to enable us to rdy knpHcitly on assig^ned pro. 
portions. In many cases, the chemical authorities for tlie facts adduced , 
do not precinc^it coincide, and the facts .ire strained into a coincidence 
irith the theory. In otiier cases, it may fairly be presumed, at least as 
yet, that the tacts which do coincide with the hypothesis, may Amount 
to no more than accidental coincidences. 

7thly. T would add, that in all cases of chcmlr?<l combination, the ef- 
fects of caloric evolved or absorbed, is never taken into consideration by 
*te genttemen who npm on dtiier sidei wlMweaa it shouldseem a cir- 
cumstance of great moment to the calenlatkniy partioiiarly in the case 
•of the formation, or the union of pfasfs. 

8thly. Nor do 1 find that the numbers, from calculation, come out in 
perfect csincidenoe with the numbers dedueed from exporiment. Qxy* 
•gen gas is to l ych-og-en gas, accorduig to the late expenments of Biot 
■and AragT>, as 1.10359 to 0.07o21, atmospheric air ht ing- 1, upwards of 
16 times hcHvicr. But, if acconlingto Dalton, combiimtions found only 
ill one proportion, are presumed to unite atom to atom, then oxyi^ i« to 
hydrogtjn only as 5.5 to 1, taking- the composition of water for the stand- 
ard. Nitrop;T:n is tohydroi^en, by Biot and Ara^, as .969 to 1.10359, or 
as 4 to 4-45 neaily ; but by tiie calculations of Dalton, the nunnbers 
ought to be as 4 to 5^ nearly. I do not see at present how to reconcile 
the calculations of the hypothesis with matter of fiuct. 

9thly. Atom is supposed to romhine with atom. Of the iil**mnt(* 
atoms of matter, we know notlung. We do not know whether tiicy be of 
the same size or the same shape; whether sphci-es, cubc«, cones, pyramids , 
parallelopipeds, or any otlier configuration. Iliere is nothing in the 
whole compass of physical knowledge, that will rnablc us to judge in 
what proportions they will unite. We are absolutely in tlic dark. 

I consider, therefore, liiis hx'pothesis ot lialton and ins followers, as 
'tnieonlv in the cases where precise and aecurate experiment ficquently 
rcp";ited, shows that if is tnic .♦ Many experiments show a close approx- 
imation to the law of multiple-combination, verv few indeed .arc precisely 
coincident ; certainly faj- too few as yet, to found a valid ar^meiit from 
mduetkm. Even supposing the doctrine of nMiltiplecombmation to be 
1 1 uc, I do notfiodHyet settled, wheth^it relates in all cases to wei^t 
or to bulk. , ' . 

* For instance, even in the fundamental experiment, tlie composition 
of water, Murray says Uiat "the most exact experiments he ever made, 
gave 1.97 hy drojjca iabldk to l.of oxygen.** (Supplement to his second 
/Odition^ p. 10.) 
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Some modificitioii and com ptomi&e, appears to have been pro- 
posed by BertlioIIet and Gay Lussac. But Sir Humplirey Davy, in his 
lute worlv, considers Dalton's position as a law of affinity sufficiently es- 
tablished i whei'eiii he appears to me premature, so far as respects the 
present state of knowledge. 

In speaking of the laws of chemical affinity, some notice ought to be 
taken of its connection with voltnic electricity, so very splendidly disco- 
Tered and illustrated by Sir Uumpiirey I^vy. But as he has given a 
BUmmaiy of the facts, which I can neiuer abridgie to advantage, or im- 
prove, ui Vol. 1, of his elements of Chemical Philosophy, pa^ 142, et 
seg. I must refer to a book wliicli every chemical student will have to 
couault. My reasons for not adopting the laws of electricity, and those 
of chemistry, as identical, I have already given above. Future disco* 
veries y/ili probably show us the dlfFerences between common and vol- 
taic electricily, and their stiU closer connection with chemical facts. 



PAGE 88. NO. 8. 

On ffcat or Caiaric. Accum*s aceoant of heat is tolerably well 
drawn up, but I do not recollect any compiler, who has yet given room 
enough to this most intcrestbig subject. Murray, Thompson, Henry, all 
g^ive dissertations of great value, but none of thm complete. Accum's 
statement may answer tibe purpose of an elementary book, but it is a part 
of chemistry that ie<}uires to be studied under all the aspects it can be 
made to present. 

I do not know where there is to be fbimd,asummsiyof the argumrato 

that may ui^d as to the natui*e of heat ; and I shall therefore co^y, 
as an addition to Accum* a part of my own lecture on this head ofW 

qmry. 

On the nature of heat, whether it be a matter mdgenerit, the substaac* 

called caloric, or merely an effisct of motion. 

I.ord Bt'.ron, Sir Tsaru- Newton, Hooke and the generalltv nf English 
philosuuhers, until about the year 1785, were of opinion ih;it tlie sensa- 
tion of neat was occasioned by some kind of motion* that was commu^ 
uicated to, and took place among the particles of the heated body, 
Avhether imdulatory or vibratory. Of late, this opinion has also been 
advanced by Sir Humphrey Davy, who considers heat as sjTionimous 
with the power of repulsion, and that it is the haamedkte emet of mo- 
tion. The statement of his opinions, and hia reasons for them, may be 
found in tlic 1st Vol. of liis KU ments of Cliemical Philosopliy, 93—98. 

Uuygensand Euler, seem to have been of opinion tliat heat and light 
are fluid bodies, pen adin^ all space, and intervenin|f between the par- 
ticles of all other solid and fluid Dodies ; but producmg sensible eiTccts, 
only when put in motion bv some exciting cause, ab extra. Thus, lig-ht ^. 
was supposed to be existent among" all the bodies on our earth, and / 
throughout our atmosphere, but put in motion <M\ly by the sun, or by 
heat, or some other cause pvoducmg the usual phenomena of li|phts an 
opinion that, for an^rht 1 know at present, may be true. 

After the experiments of Scheele, Black, Wile he, li-vin and Craw- 
ford, the opinion that iicat was a matter, nti generis, producing the ef- 
fects we usually associate with that word, gained ground very fiist, both 
on the continent of Europe and in England, tmtil it became, as indeed 
it now is, the commonly received opinion.- 1 wUl state briefly, after my 
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own mmner, what appear to me the most pi-ominent arguments on botb 

sides, premlsinp-, hcnvrver, that at prcserit 1 liave rtot found suffirK n*. 
reason to adopt the sentinv:nts» of those, who consider heat as the mere 
effect of some peculiar niolion of the particles of the heated body. 

lat Heat- radiates from the aur^tce of a rou^h or coloared body « it 
is refracted, it is reflected, it can be concentrated. These arc proper- 
ties not of a property, but of a body, I eannot see hovr moHon as such can 
be radiated, rejected, refracted, concentrated by i-efraction. Somctliing- 
mitst be moved. If tihe heat proceed from an iron ball, as it may; it i» 
not the iron that moves from the concave surface < f a polished metal 
reficetor, orthroug^h the transparent substance of a plass lens. Tt is not 
the aii'f for this cannot pervade the ^lass ; and Schcelc has plovcd that 
the velocity, even of radiant heat, ii aueb, as to preclude the possibi* 
lity of heatinp: the air itself, during" the sViort space of time in ques- 
tion Tt net the h'frht, «?o far as we know, for the experiment succeeds 
far below scnsi);ie ignition. Vet it must be someUdng that is thus moved. 
The ^ing moved cannot be motion, whi(A itself cannot exist where 
there is nothings to be move I. Motion is a word onIjr» expressing the 
state of existence^ the affection or property of some thing or sub- 
stance. 

It ma>- be replied, that «9»n{f is the mere effect of Qiotion; that it is 
pTOpa'^aU (1 in rig-ht lines ; that it can be reflected, as from a wall or « 
sounding-board ; that it can be condensed, as from a speakingrtrum^ 

pet. 

True, biit in this ease we know to a certaintr, that it is the air which 
IS moved, which strikes the tympanum of thv Ir.tman ear, and which, in 
a channel that confines it, is condensed, bound then is produced, not by 
jnotion, but by something moved ; ^d it is diminished as you approach 
a perfect vacuum. 

S2dly. By an experiment of count Rum&rd, it appears that heat Is 
■ tran:,mittc(l thrnuj^h a torricellian vacuum. 

To this it is answered^ that we have never been able to produce a per- 
fect vacuum ; that in the upper part of a barometer tube, there is al- 
'frays mer^rial vapour. To which I can only reply, as in the following 
argument. 

3dly. Place a thctrmomcter under the receiver of an air-pump, ex- 
haust it quicklv, the mercury will fall considerably ; but in a short time 
it will risea^ain to its f-ji riier height Now it is strange, that the mo* 
tion propagated throu.^h the atmosphci'e, or throug-h a spare near!" ex- 
hau.sted of atmospheric air, should l)o equally capable of affecting the 
thermometer, and producing- the phenomenon of heat ! 

This is a difficulty to which I can supjest no reply, on the theory of 
motion ; for a manifos' ('UR rr nee ou^lit to sri?ie in the time and man- 
ner of the heat being- communicated throiicfh tn : Tin'>.:p1i( rc of comn^on 
density, and the air of an exhausted receiver, or tiirougli tiie vacuum oi 
a barometer, or the almost inappreciable vapour of mercury, which 
\ jnicrht be coiulcnsrd. hy . moder:'.te de^Ti'ec of cold. A vacuum can be 
made in an air-pump, sufTieiently perfect to affect sound} but the trans* 
mission of heat, is not thus affected. 

4thly. Heat ^ives volume ; it increases the bulk of bodies. 

To this it is answered, that the same effect must be produced by any 
motion communicated, that occasions the p ieles of a body, mutually 
to repel each other toagieater distance Uian before. 

I reply, this is true ; but the expansion Is as permamnt "as the heftt, 
^d is therefoi-e inconsistent witli continuo\is vibrations, undulations or 
gyrations, all of which imply a motion not propagated continuously ia a 
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right line, which would produce a solution of continuity in the body 
itself; but a motion backward and forward, whether in a horizontal, a 
vertical or a curved dii-ection. All Uiese iinpiy, liiut liic heat remain- 
ing tiie staoB, the expannon is momentaxieously vai^ying, which eeems 

Coiitrary to fact. 

5tbly. ltdoesnot appear that heat follows t!ic usual luwsof motion. 

This IB answered by asserting the contrary. 1 Davy 94, 95. ' 

But every chemist knows that heat is propagated with much more 
difficulty downward than upward, as in the experiments of Tliompson 
and Murray, in reply to count Rumford. Even Bacon, m his definition 
of heat, found it necesMvy to include "a slight tendencv upvvardti,'* 
which is llie subject also of po)Ktlar obsemtion, ftom the nrequency of 
its occurrence. Nor is heat propagated equally, or in like manner to a 
ball of wood, or of charcoal, and to a ball of iron. In firt, I know of no one 
of the laws of motion^ stated by m^hanical philosophers, to which heat is 
obedient • 

6thly. Ifheat be merely the result of motknifitmust be the result in 
all cases of tlie same kind of motion, for tliere must be an nnifoi mity of 
cause to {>roduce an uniformity of ei^ect. But heat is produced in, and 
•ommunicated by solids of all kinds, by ^ anite and by gold-^fluids of 
all kinds, Water, oil, alcohol, mercury, aciv, alk;ilies, neutral solUtkMU— - 
gases of all kinds. Can the motion, communicated to and hy these very 
different substances, be precisely the same ? Yet the hypothe.sis of mo- 
tion requires thw. 

I know not what answer can he made hereto ; for no (me has yet 
pretended to ascertain wliat manner or kind of motion it is, that produced 
heat ; nor are there any two persons yet agreed upon it. 

7thly. I well know that in chemical mixtures, motions frequently ex- 
ist, which arc not obvious to the senses, but which are known to exist 
from their effects ; b\it when water is ]u rfectly crystallized into ice, 
and so remains, what motion can be supposed in the particles of such a 
body ? and yet heat is certainly combined with it. For not only is the 
temperature of ice very far above the zero of absolute heat, but ice itself 
©an he cooled lower th:ai the freezing point. When the particles of the 
fluid ai^ thus enchained, and when the polarity of its crystallization re- 
mains, which any unifbmi internal motion would destroy, whei-e is Uic 
intestme heat-producing motion to be sought for ? 

8thly. The phenomena of chemical coniibination, are so well, so s.ilis- 
factorilv, so conveniently accomited for, by the supposition of lu .at or 
caloric Gein^ a substance combinable with bodies, cxtrica.ble from liicni, 
producing-, like all other bodies, its own peculiar play of affinities, that 
no sulxstiiiited hypothesis of imknowDSiiduRde&isblemotiODi, can at all 
sui)ply its place. 

if It be answered, tJiat there arc many phenomena, which the theo* 
ry of caloric will not explain, I acknowled^^e it ; but they are compara- 
tivcly few-, and we are not yet fully apprized of all the circumstances at- 
tending them, nor of all the laws of combination of caloric. I know of no 
theory lliat lias not its difficulties : whichever be found uitunately true, 
we are bound by the faur rules of reasoning to adopt for the present, that 
tlieory wluch cxjjlains the greatest number of important facts. 

9ihly. I cannot see what answer can be made to l>r. Herschell's experi- 
ment of calorific, separ.ate from colorific rays. Mr. Leslie's angry re- 
marks, contain nothing to the purpose, especially after tte repetition of 
Herscheirs experiments by Sir Harry Enrlefielil, and the similar ones vf 
»r,Wolla»ton. 
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Thp^e show romplctcly, that there are rny^i i^rrampanyi.tg the co- 
loured rays of the solar spectrum, which arc noi coloured, and whi<^ 
emineotly produce the phai<mienR of beat, heat be motioii, "why 
should not tlie colorific be also calorific rays For their velocity is 
rnual ; they are transiriltted togetlier; they accompany each other? 
thev pjuts togetlier tJirougli a lens ; tiiey arc refracted and reflected to> 
getlier. Tbe only difievence teems to be^ UMit the ealorSfle nys* are 
under certain circumstances, more inclined to combine with bodies 
than tlie colorif!'' ; us when in the case of culinary heat, they are inter- 
cepted fiw a time by a pane of g^lass. But who can pretend to distin- 
guish either between toeir specieB of metioiv or their lolative leloci- 
ties so at to whf the fi^ pfodualagf colour shaald produce no 
heat > 

lOthly. I object to the whole doctrine of heat, as produced merely by 
taotion, that the ado]>ten of H* «ll«thef Baooh, N«wtoR» Hooke, 
Boyle, or Davy, make use of wordt to which none of them hate had, 

or have presented any definite mer^ning*. 

J have already ventured to say, it is absurd to talk of motion whete 
there it nothinfr mored. If heat be commwiicated to a body by meaiu 

of motion, it must be by means of some body in motion. * 

I hold my hand at the distance of half a dozen feet from a good fire, 
ui a room with a strong draught to tlie fire place. What is it beats my 
hand f Tbe heated air ? Ko ; fnr the current of heated air, it not to, 
hut from my hand. The lig^it ? No ; for bv means of a tcreen <tf giaot» 
I can for a short time intercept the lieat, while the lig-ht passes. 

But if beat consist in motion, it must consist in some kno^Ti kind of 
motion : for an unknown motion, is to us no motion at all. De non ap- 
parentibus et ntn ^xUtentHu* eadem eat ratio. 

Is it a vihratory motion?' A\'hat is vilnnton' motion? A motion 
backward and forwai-d. This may he of a w hole hody, as of a pendu- 
lum, or the string of a harpsichord ; or it may be of the pai ticies oi a 
hody, not inducing solution of continuity. Which It it ? 

Is it undulatory motion ? The impidses of tlic air producing soimd, 
lune been caUed vibrations, unthilations, wave-like motions. Heat 
also has been ascribed to undulations. I can understand how a wave- 
like motion can take place m the air when tound la heard, by analogy 
to tile waves of the sea ; but I cannot conceive how a ball of iron can be 
put into wave-like motions, or how the heated iron, and the heated ' 
air, can each receive exactly the same kind of vibrations or undulations 
in which heat it taid to contitt. 

lleat has also been suppoted to eoDtitt in g yra to ry motion : hut thu 
is to me equally unintelligible. 

Nor less so is the gratuitous hypothesis of Sir HiULphrey Davy, that 
heat it attended With a motion of the particles tomid their own axes. 
Where does he find, or how does he exhibit, or by what arguments 
prove this Whicli nf tliese philosophers have clearly explained what 
they mean by vibrations, undulation^ gyrations, or peri-axin revolu- 
tions P Or have eren attempted to show, how Ihese can produce heat ; 
or producing it (for instance in my face) can give precisely the same 
species of motion to the skin, the flesh, the nervous pa])illte, and tJie 
containing vessels with their tiuidh, which are found on the surface of 
-my ftice ? 

In slini^ , 1 know of no inst-mce in the whole compass of scientific 

discuss joi>, in which words have been used witli so little precision as in 
this conti*over.sy. 1 know of no one union^ the advocates for heat con- 
sisting iu motion, wlio docs not seem peilectly unaware, that ttbetruvt 
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ideas arc not entities or things, but words only — that a property is not 
M. subsuuicc; and that as theie cannot be i>oftness if tbei'e be uuiiun^ 
Wt, or whiteness if there be nothins^ white, so there can be no motkm 
tmt where there is something movea. 

But I acknowlcflcTf', there are facts which I cannot explain, and 
which have not been explained satisfactorily to my apprehension, on 
the tfaeoty to which I inoUne. 

When fire is elicited fiom flint and steel : when a piece of iron is 
Jhammered red hot;* when 26 1-2 lb. of water is made to boil by the 
friction of brass and steel immersed in the water itself, as in Count 
Jhimfbrd's expe»iiient ; when a piece of pUtma can' be kept in strong 
Ignition for an indefinite time, by the Voltaic .apparatus ; when a ther- 
■MMnetcr fulls by the real or tlie seeming radiation of cold, I cannot ac- 
•count ibr the fact, on tiic tlieory of Uie mater iali^ of caloric, any more 
than on the theory of motion. 

I know, that in tb» first set of these casei^ the apparatus used, is 
immersed in an atmosphere full of caloric, according;- to ih rommon 
notion ; but how that caloric is elicited so strongly :ind continuedly, by 
the means aaedt I know not. Hieradiatioiiof cold* Dr. Martin seems 
to have explained (20 Nicholson's Journal, 342) but not in a manner so 
obvious as to remove all doubt. In tlicse cases, T am ready to confess 
my^ ignorance of the modus operandi, whether on the theory I adopt, or 
■the uieory I reject. Rousseau truly says, a philosopher has frequent 
occasion to say J* ignore, seldom indeed to say, c*est impossible. Upon 
the whole, I incline to the oommou qpinion of the materiality of heat, 
or caloric. 



PAGBlSr. Na9. 

Light. The article Lig-lit in Accum, is well draixTi up for an ele- 
mentary treatise. Ferhaps the following observations may be considered 
as an useful addition. 

The scnsiilion of lig"ht, is owing to Impressi'^ns made on the optir 
nerve, expandLd upon the retina at the back part of tlie eye. Tiie liirht 
passes thi'ough three lenses, the aqueous, the crystuiline, and the 
Yitieons ; and the impression remains according to D^Arcet^ ezperi* 
wient one 4001!) to one 450th part of a minute. He made a luminous point 
(a hot coal) revolve with tli.it velocity M-hich was barely sufficient to 
produce a continuous circular jma^e, which he found could not be 
flkme unless it revolved in 8 or 9 thirds of a minute. Hence it fbllows_ ' ^ 
uponcalculatioTi, founded on the known velocity of Light, that its par- 
ticles mav be 20,000 Uiiles distant from euch other, and vet produce 
continuous vision. This experiment will gt) far to fumisK a reply to 
tiie difBcttlties stated by Boscovick and Mitchell, arising from the pro- 
bable impinging of the particles of light a^nst each other. See on 
this subject Priestley's Ilislory of Optics, pa^ 634. The sensations 
thus excited by the impression of reflected light on our retina, we are 

* I am aware of BerthoUet^s experiments that show the heat of per^ 
cussion to be d( pendant in some degree on the reduction of volume, but 

1 cannot apply them to tfiis fact. It seems to inc that when iron is 
hammci'cd so hot that you can light a match witlt it, the heat is squeez- 
ed out of tbeair* notoutof the iron. 
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iTistinc^iv'^lr le<l to refer to some object cxtranemn to Us as the causf. 
Hence however. Bishop Berkel^ and his followers, have been led to ad- 
vance that fhemateriAl world, is onlf a Tlieory to account for our sm- 
■ations. But it b a theory fiounded on the Gonititution of the hunm 
frame. 

Light may be considered, 1st, as solar l^ht. 2dij, as artificial or 
culinary light. 3dl^> as Uslit arising^ from chemical mixture. 4Uilri 

aa phosphorescent light 5thly, as electrical li^ht, 6tlily, as light 
cxrit< d undtT cirrMmstanres df-pendant on physiologfv. 7thly, a-s re- 
flected light from the moon and stars. Solar Light. Does it proceed 
from the sun ? Or is it a fluid occupying* space* and put in motion lif 
the objects that occasion the sensation The latter opinion is support- 
ed by Mulbrin'^hr, Hiiyc;^ns, liC Cat, Ei:Ut, Prrmklm, Hip^in-, Dr. 
1*. Young" : who support it by the difficulties that flow tk>m supposing 
that lip^ht projected from the sun sjid the stars continually, never us- 
pingcs ap^ainst iight» or is moved out of its rectilinear nioli(»n— that it 
can hardly be snpposed to peimente the densest diaphanous bodie» 
without impinging J tlmt however small the particles, the constant 
emission of it in such inconeehrable quantities, must cause' waste ; tiwt 
every part of space, and all bodies absorbent of light., must long ago 
have br. :i ■•i*':r:.tc'l with it; that if light be einlticd contir.ually from 
tiie himinoiis sources of it, it must exist, uhellier we see it or not; 
but if the himinmis sottrce be shut out from our eyes, as when weAut 
out the sun and the stars, the light seems to us snnfiula-ted ; so vhefi 
wti suddenly * xtlTi^.;i!is!i :« c:ind!e, we cxtinj^iish to our scn.-^'-s, instan- 
taneously, not only the contie'uous li^ht, butail t'tit- Ig-lit tliat has bccii 
emitted for a considerable time, visible in every part of a sphere of 
two miles in dl:u i , for a cand^ in a dark night is visible at 2 miles 
distarit , tJiat if the light of the sun pass a space equal to 93 millions of 
mil'"' (the distance from the earth to the sun) in 8' 13" 3'" (La Place) 
then the whole sphere whereof the sun is the center, will be filietl witi 
light in 8" 13" 3'": but the emission of light goes on without end or 
iiiii rmission; hence light must be greatly concenti-atcd ineverj'part 
of the solar system : wherc.u. we know that strf»ni; coiu I iL-tion takes 
place, when light is concentrated by nicans of a ieiis or u iiiui-or one 
thousand times. How is it then, uat our glohe has not been melted? 

How the properties ofllg-ht can be satisfactorily account<*d for, on 
the theory of this sensation brlni^ ore :.sioned b}' the unci v:lat ions «t' a 
fluid medium, existing in, and |ki vutimg tl^e space intervening b*' 
tween the substances of our planetary system. Dr. Young has wiA 
great ingenuity atteinptcd to show, in the second and subsequent vn- 
lumcs of Nicholson's I'( riodical Jfjurnal ; atnl indeed in a manner that 
aeems by no means* inconsistent with the properties that Sir Isaac New- 
too himself was inclined to ascribe to his ^ther. 

Th^ o])inion tliat light is a substjince sui generis, propagfttcJ fi^ni 
the luminous object in straight lines, w;ts a'loptt d by l^iyk jfooke, Sir 
Isaac Newton ; and is now tiie commonly received opinion. The ob- 
jection of Sir Isaac Newton, Opt. Qu. 28, to the theory of an tmdulatcsy 
medium, is principally, that when such an Undulation is stopped in i^s 
proj^^ss by any object, the ni jtlon is con-.municated ur!diq!i3q"t to 
tjie surrounding quiescent medium, and will reach even beyond that 
obstacle* This is the case with water and air : but it is not so with 
light, which always moves in straight lines; and \\hcn impeded by re- 
flection or i-ofruc lion, forms not curves but angles. Tliat li.^^^t 
does not undulate, appears from its never passing througli a crookctl UiW, 
whereas the air, an undulatoiy fluid, will give the sensation of souwi 
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ihroa^h such a tube. Moreover the general phauNneim of U|^V*^* 
cording" to Sir Isaac Newton and his followers, seem much more ac- 
conLuit with the iheorv of particles tiu*owii off in straight lines, than 
'With the oppcinte doemne. Mm ne$tf4 tantof ett cvmpmere ttt«t. 

The analysis of li.^ht by the prism into ealonfic and coloi Ifie saya hf 
the experiments of Dr. Herschell, Or« WoUaftoiit and Sir Harry Bnipk? 
field, has already been noticed. 

The solar 8pecti*um, consisting of seven coloured rays, has been con- 
tidcred lately by Prieur» 17 Kich. Jour. 18. He considera the red, green, 
and violet as the primary rays, rmd that the others :ire comjxricd of 
th^. He obtained white light, by combining the i-ed, green and blue 
rays. 

Gay Lussac andTfaenard, have ascertained that mixtitrea of ozyma* 

riatic and hydrogen gas, which have little or no action on each other 
in the dark, act on each other when exposed even to a weak lipht, and 
may be made to explode by tlie direct rays of the sun. Mr. IMton had 
observed tf\e same fiuit. 

Hence it appears th;it the ■wliitr sular rnv is divisible into seven dif- 
ferent coloriJiCf or colour-producnig' ra) s, llie red, tJje orange, the yel- 
low, the green, the blue, the indigo, the v iolet. Of these, some are 
primary, the others produced by intennixtnre : that these rays are sUao 
accompanied w\ih calorific or heat-producing rays, which extend some- 
what beyond the bounds of the colovnvd ra^ s : there nre alsn, as ap- 
pears by the experiracnLs of Dr. Hersciicii and Dr. Woiiajilon, unotiier 
set of rays, which are de-oxySzhi^^ rays. These rays also exte id 
somewhat bcj'ond the bounds of the coloured rays, and are strongest 
on the outside of the violet ray, decreasing* in de-oxydizing power as 
you recede from the violet toward tlie red ra^ ; thus, muriate of silver 
undergoes a change in 15 seconds in the Mae ray, wldch it requirer«SO 
seconds to ci]' ct in the red ray. This de-oxydlzing power, seems ex- 
erted in a coii Lrarv direction to the heatinp" po'A'cr, for the thennometer 
is affected leas and less as you i-ecede from Ihc red ruy toward the 
▼iolet. 

With respect to the solar rays it may ftirther be observed in a chemical 
point of view, that from the experiments of Biot, and Arago, of which 
there is an abridgment in 26 Phil. Mag. 152, 292, it appears, that 
oci^gen refracts least and hydrogen most at equal dennties, a property 
that led Sir Isaac Newton to that wonderful suggestion, tliat water and 
the diamond were inflammable substances, from observing the uniform 
superiority of refracting power in substances of this kind. Hydrogen 
retracts 6 l-S times more than eonmioo air. All strongly rmctmg 
substances appear to owe tlieir refracting power to Hydrogen. Atmos- 
pheric air gives exactly by experiment, the refraction which according 
to calculation ought to be produced by a mixture of 787 nitrog-cn, 2ip 
u\\i^en, and 3 carbon, which are nearly if not esnctly, the component 
parts of common air. This rule holds in other compound mixtures : 
thus ammoniacal gtis has a refr;irt<vc power equal to that which nitro- 
gen mixed with liydrof^ca would liave, in. the proportions that consti* 
tute ammonia. (Biot^ 

Witli respect to arti^ial li|^t, I know not of any experiments that 
decisively show its difference m property from solar light, particularly 
as to its power of promoting vegetable gix>wth and colour, and its power 
of de-oxydation : in both respects however, there Is no douht of its ge- 
neral inferiority to the solar rays. 

The light arising from chemical mixture, seems in all cases similar 
to artiiicud light, and produced by the sudden and violent union of heaU 
oxygen and ]b^ drogen,buti;i^ether,the light be erolvtid as an efiectof 

vou I. ^ 52 
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^tliffft^l decomposition, or whether it be fonned during the procew^ 

the present state ofoiir knowlcrlg-c does not permit to decide. 

Accum is sufficiently iuU on the subject of phosphoreiicent light, but 
it isaMbjeetiiotyetiiMdailood. I ^wt Hunk ft is yet settled ^vii^ 
liwFthe Ignis fiituns be cs ri »tti i B tted hydi og en » or a fire flow : theplios- 
phnresrcnce of rotten wood, and of fish vn-^in^ to putridity, seems the 
ertcctofvery slow combustion : the phosphorescence of the sea consists 
apparently of animal matter ; 1 have frequently colkcted it, by straining 
the illummated water thMuj^ a towel* bllt I could not discover that 
li^ht on the tntvt l, was owvift" ^'Hy minute living" ^inhn;-! Many 
plants also, or their pollen, aix- phosphorescent in July and August, as the 
niarigold, monks-hood, the Indian pink, the orange, lilly, &e. at sunset. 

Mar srs we at all acquainted with aleotric ligbt: at least I know of 
no fact*; that will avithorise me to make a conjecture as to its immediate 
cause or its composition : Uiat it is accompanied by heat is certain, as 
it win bum trees and houses, melt metals, and even the electric spark 
will fire gunpowder and spirit of wiosw But wJiethar hydrogen and 
oTyp:en arc rr)ncerned in its prodnctioiw OS* esistoice* OT wheooe ijiey 

are derived, we know ;iot yet. 

T^^pgUt depeiuLint on animal oi^ganization, is also involved in ob- 
soM H y f^wh en a man receivaa a blow on the head: when be is hung, 

withoift. extinction of life; when he receives u blow on the eye, or 
str niifly com] resscs the cye-b;dl ; when he makes his eye a part of a 
Galvanic circuit by means of silver and zinc, in all Uiese cases, aiidm 
nsBsr others he has the sensation ofa flash of light 

The light of the g-low-worm, and of tlie fire-ny seems %-oluntarr, and 
dependant on the orj,:;'ajis of the anim;*l, who probably means the light 
in i)oth cases as a si^iaj to its mate, borocthing like tbe power of ex- 
eiUng theeeasation of ligli't, 'oekmgs also to eats and tygers, whoie eyee 
do certainly under circuinstanecs of irritation, shine in the dark. 

The lij^t of the moon seems unaccompanied with any calorific rays ; 
indeed thiit planet, according to Bougicry does not reflect more than 
about l-rth of the light it receives, and is sbo}it 300,000 tiroes leaa 
than that of the sun. Concentrated in a lens, it does not affect the 
thermometer It does not furnish an analysis like the solnr spectrum : 
it docs not appcoi' to give colour Iq vf^tahlcs, or to pixKiucc de-oxyda- 



PAGE 174, m, 10. 

Jfydnigen G«$» I know of no proof whatever that hydrogen gas is 
formed of solid hydrogen, calorie* and light That caloric enters into 

the composition of all the g'n<^cs, is more than probable, but I knoW 
^t any satisfactory evideuce that light forms a part of this gas. 



PAGE 198. NO. U. 

Fho.rf)nr,r: r Bottle. Phosphorus and sulphur may be fused togpethcr in 
in u tube eji^iiausted of air; the most inflammable and fluid mixture ia 
one and a half sulphuf to two phosphorus i which remains liquid, at 40 
ef Fahrenheit ; hut I hare never been able to mske these oombinationa 
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wiUumt so mach hazard of explosion and fracture ef Aa VOMel, even 
in small quantities, that like ue fulnunath^ silvcf^ a joQiig^ chanisi 

should not attempt it. ^ 



PAGE 211. NO. 12. 

Differences between Charcoal and the Diamond. Charcoal is black. 
Opaque, not weighty, nor crystallized, generally brittle or soft, is a 
lesiduum after distUlation in eloae Tenels of animal or Y<Bg«taMe mat- 
ter, is a conductor of electricity. The diamond is brilliant, transparent, 
heavy, cn stallized, harder than any other substance, has no connection 
so far as we know with aninud or vegetable matter, is a nonconductor 
of electricity, Tet both are resolvable into eai^bonie acid gas wiUi 
oxygen, producing from equal weights, hardly any difference in the 
quantity of ga<j or of residuum, so that according to chemical decom- 
position tliey are the same substance. Davy conjectures that there may 
bea Tviy small quaatity of oxygen in the niamond. 



PAOE 3ir. NO. 13. 

On the nttture of the Gtuet. The following taUe exhibiting an ar* 
idbgemcnt of all the permanent gaaea hitherto knowi^ Is from 1 Hency'a 
Chem.^t6th,p.ir5. 

CLASS I. Ga4ies ivith simple Bom, 
Oxygen 

Hydrogen C Gas. 
Nitrogen j 

CLABS n. Gowt -wUh evmpwnd Btuet. 



lat. Compound coBibuft|^le Gases. 



1 
2 
3 
4 

5 
6 
7 

1 

2 



Ammonia 

Carburetted hydrogen 
fHafiantgas 

Sulphuretted hydrogen 
Phosphurettcd hydrogen 
Arsenuretted hydrogen 
" hydrogen 



Compoaed ^ 
Hydrogen and nitrogen. 
Hydrogen and carbon. 
Carburetted hydrogen 
Hydrogen and sulphur. 
Hydrogen and phosphorui. 
Hydrogen and arsenic. 
H} dx ogen and pottariom. 



^ Qzyda in Ihe stale of Gas. 



Catbonous oxyd 
Nitrous oxvd 



3 Nitric oayd 



Nitiogen and oxygen. 
Nitroua oig^ and o^filMl. 

3d. Acid Gases. 



1 Carbonic acid 

2 Sulphurous acid 

3 Nitrous acid 

4 Nitric aciA 

5 Muriatic acid 

6 Oxymuriatic acid 

7 Hyperoxymuriatic acid 

8 Ftnoricacld 

9 FhioboticikeU 



Carbon and oxygen. 
Sulphur and oxygen. 
Nitric oxyd and oxygen. 
Nitfoos add andflsygok 

Unknown. 

I^uriatic acid and oxygen 
Oxymuriatic acid and ox}rgen 
Fluorinm and oxy^n. 
Itoic imd horacm aoida^ 
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Specific Gravities of the principal Gases from Guy Lussac. 



Oa$ea 

Atmospheric ur 
Oxygen gas 

Nitrogt?n g-as 
Hydrogen gas 
CaAoMcaddgas 

Ammoniacal gas 

Muriatic acid g^as 
Nitroiu oxyd gas 
Do. 

Nitric msyd gas 
Sulphurous acid gas 
Carbonic oxyd gas 
Aqueous mour 

aeidgaa 



1.10359 
0.96913 
0.07321 
1.5196 
0.59669 
1^78 
1.61414 
1.36993 
1.0388 
2.265 
0.9569 
0.6896 
OATQ 



Determined bij 
»Biot and Azrago. 



Biot and Gay Limac. 
Davy. 
Berthollet 
Bcratd. 

Kirwan. 
Cruikshanks. 

Thcnaidand Gaybisftc 
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It tmieafi to me Hiat iiotwifliBtaiidin|f the apimiihitttion of these 
two tabks^ tfafi round numbers of Mr. mlton's, furnish suspicion that 
tJiey are to a certam degne Itnced into c o aic i de n oe with- the ej^eti- 

ment. 

]t may be further observed generally as to gues» that their gaseous 
fi>nn is most pirobably owmp to a combination with caloric, which in 
in any instances may be shown, as vheo muriatic |^ is made to ooi^biDe 

Hrith water. 

^ The caloric may also be shown in many instances by sudden compres- 
sSon, as in the case common air by means of the cylinder and piston 
used for lighting spuiikor fungus (JlmaJon.) 

It seems to be a law, tliat theTohme of agag^ is invemehj aa the com* 
pressing fovce. Ihua, li uiidur ikt; vvcij^ht ofone atiuu^phcrc a, gas occu- 
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pies 60 cubic inches, it will occupy 30 under twice the weig-ht nnd 1." 
under 4 timed lUe weigitt. it is thus that tiic artificial Seltzer w atcr in 
made { and that water ii enabled to take up nearly its bulk of oiygen. 

The law of the dilutabUity of qas^s, is about one 48(Hb part of tlieir 
bulk, for every degree of Palureuheit's acale between the freezings and 
the boiling points of water. 

It aeema also to be a law respecting gases, that a Hghter tanhot tv- 
main upon a heavier tvithout advuxtvre. Thus provide two ounce phials, 
and a tube 10 inches lonpf and about l-20th of an inch horc. At each end 
the tube is to be passed through a pci'forated cork previously fitted to 
the phials. FiO One with oxygen and the other with hydrogen gas; cork 
the phial containkig oxygen, and tlien cork tlie phial quickly wluch con- 
tains the hydro^n ; V t the oxygen phial, stand with its mouth up, wnd 
the phial containing hydrogen with its mouth down. In about 3 or 4 
hours, each bottle will explode if a lighted taper be applied. 



PAGE 318. NO. 14 

AU gases are not incondensible by cold, -fflther may by means of heat 
be exhibited in a gaseous state, but it may be condensed again. Oxjmu- 
riatic gas is condensible at 40*^ of Fahrenheit. 



PAGE 225. NO. 15. 

Method* pf'tHaiifin^ oxtigeii gas. Although this gaa is procurediinore 
cheaply Mid com-cniently from nitre and from manganese than any.otiher 
way, it is worth while to nieation, that it can be procured in great purity 
ftom mercurious precipitates per se, or mercury oxyded by heat in con- 
tact with air; and from b3!i)eroxymuriate of potash. It can be procured 
from red lead, from the per oxyd or puce ooloured (fl^ coloured) oxyd ' 
of lead : from red precipitkte : e :ther by me;ir>s of heat alone, or by mois- 
tening tlic substances with coiouiiesii oil of vitriol a little diluted^ and • 
then applying heat. 



PAGE 338- NO. 16. 

Oxygen pob i« absorbable by water. Dr. Heniy has ascertained that 
»t 60 <^ Fab. water takes up 1.27th of its bulk. Mr. Paul by compres* 
4rfoii nakea wstar take op lutf to bulk. 



PAGB996. NO. If. 

IHacwerv of hfdtdgm gae^ This gas wa« ]^rnciu:t?d from a solution 
mm In vttmlicaeid by,Mr. JolmBfaudt in July 1736 (Martyn's Abrid« 
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Phil. Trans, v. 2. p- 396.) Before that, inflammable air or rather perhaps 
carbuietted hydrogen, bad been collecled in a bladder, and exhibited 
be^xre the Boyal Societf hy Sir James |<owtfaer, from his coal mines at 
'Whitehaven. 



PAGE 240. NO. 18. 

JBfydrogen ga», AlUiough this gas be unfit for respiration in its pure 
state, it may be breathed wlien mixed with 3 or 4 times its volume of 
atmospheric air. Mr. Watt of Birm'nierlrarr \v]\ose daughter died of con- 
sumption, toid me, that she never breaLlicd a mixture ol hydrogen and 
eommnn air, v^thoutmamftstease and an alleviation of all the symptoms c 
but I know of no case where the exhibition of tlie g-ases of any kind (I 
miglit almost say of any kind of medicine) has performed a cv\re m that 
disoi'der, the Opprobrium Medicorum. Still, the benefits of the gases 
In various disorders, as shown in the many sucoessful cases of Dr. Thorn* 
ten's practice, strongfly points to their use. 



. PAGC245. mi9. 

Other propertiet of hydrogen gaa. When this gas, issuing from a tube 
insnted in the cork of a phial containing oil of vitriol diluted with five 
waters, and iron filings, is set fire to, and the flame permitted to ascend 
through a ^lass tube of 18 or 20 inches long, whose upp^ end is drawn 
out to a capillary bore, a musical sound is produced. Care must be taken 
-not to fire the hydrog^ of the phial till all the common air is expelled 
by the hydrogen, else an explosion will take place. The sounds mu \ be 
varied, by means of tubes of diflerent sizes and dimensions. 1 Mich. 
Jour. 129 and 4 Nich. Jour. 23. 

A mixture of hydrogen and oxygen gases may he made -to explode 
by mechanical compression 12 Xicn. Jour. 212. 

Perhaps tlie sti*ongest heat known, uiay be produced by tliC combus- 
tion of a stream of oxygen with a stream of hydi'ogen gas, issuing through 
the apertureof a blow pipe. Mr. Hare*s ingenious conlri\ ancc for firing 
these gases may be found in the last volume of the American Philoso- 
phical Transactions : and tlie double G^nzomctcr, v.-it]i scp;!r;itp partitions 
^as unproved by Mr. Cloud ot Uie Mmt oi the Lniied isuicb, secures tlie 
operator from the danger of explosion. 

When hydrog-en and chlorine or ox\"muriatic g-ns, In equal vohimcs, 
are mixed in a jar and left together exposed to day light, over rucrcuiy, 
common muriatic acid gas is formed, li exposed to the solar rays, tliey 
explode. One volume of hydrogen unites to one volume of dnlorine, 
which is in weight to hydrogen a«; 33.5 to 1. Whereas about two vo- 
lumes of hydroTcn unite to one volume of oxygen to form w:itrr. It is 
doubtful as vet, wiietlier the hydi'ogen unites to the oxygen su[)posed to 
he in tl^cluarine^ and firms moif1iu!e,leavin|f the auriaftic acid free 
fnmi oac3f;^n, or when chlorine and hydrogm fi>nn muriatic acid 
gas. 

This misture may also be exploded hy the electric spark, as well m 
by the solar rays. 
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PAGE 248. NO. 20: 

Nitrogen gas is absorbable by water in a small dcgi-cc By Dr. Hcn« 
experiments, water takes up l-75th of its bulk. 



PAGE 250. NO. 21. 

ihher propertie* oJ" nitrogen. It can be separated from ammoniacal ga^ 
by decomposing tliiB Ust by firing it with oigrgcn by means of the elec- 
tric spark. Tt is procm cd nl o \n the fine experiment of Dr. Milner of 
Cambridge, (Phil. Ti*an». 1789.) of decomposing- ammnnsa by passing it 
through red hot manganese. The hydiwen of the aminoma forms wa- 
ter With part of the oxygen of ttte inetaC and the nitr(^n pasaea over 
also roiiihincd with oxygen so as to form nitroUi. g'.is. Tt has been snp- 
pnved that this experiment has been employed by the Frei^ in mukini^ 
gun-powder. 



PAG£259. NO. 22. 

Lavoitier a experiments. One of Lavoisier expcriiiienLs deserves to 
he mentioned. There used to be prepared by the druggbts a brownish 
red oxyd of mercury c;(llc{l precipi'a e per se. Fluid mercury was ex- 
posed in a ^lass matra-ss with a long neck to prevent the evaporation of 
the mercury, to a continued heat for several da^s, until tlie mercury 
vaB calcined, or ozyded m we now call it. liavoisier, made a quantity 
of precipitate per se, in a given quantity of atmospheric air. Tlie air 
was diminished in quantitv : H would no longer support flame or rniinial 
life. The mercury so convened into precipitate per se, had gauied in 
weight. The air was expelled from it by heat in aretort : H amoimted 
to the quantity absorbed. The mercury was revived ; and this air so 
©xpellt d, sinpndarly maintained combustion. When added to the air 
diminished l)y calcination, an air similar to common air was produced- 
The weight gained by the mercury, was equal to tihe weight lost by th6 
cemmon air. Hence precipitate perse, was shown to be fluid mercury 
united to that purt of the atmosphere, wiiicli is alone capable of support- 
ing life and combustion : and the atmosphere was shown to consist of 
two kinds of air or gases, of 'which one would tupport life and flame 
and would combine with merciixy^ and the other would not 



PAGE 268. NO. 23. 

Ml^nXgimter. Beside the didiometcrs liere enumerated it is worft 
while to notice Voka*8, and the eudiometer of Mesara. Hope and Pe- 
py'a. <d 

Volta's eudiometer is a graduated tube furnished witli brass wive 
passing through the ^dea« «o as to admit of the gaaes being filed. 
Three parts of oommon airmay be fired with two pails of hydx^^gas 
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very pure. There will remain, the .-'irs good, 5,05 measures. The 
loss will therefore be 1,95 measure, of which one tliiixl will be oxygen. 
If so, the oxygen in the common air will amount to 21 and a fraction per 
eent. ** The general rule for ascertaining the purity of the air by hydro- 

fen g-as.may be stated as follows. Add to three measures of the airun- 
er examination, two measures of pure hydrogen g-us. Infiume the mix- 
ture by electricity : observe the diminution when the vessel lias cooled : 
and dividing its amount by 3, we obtain pretty nearly the quantity of 
oxyg- ■ T'ls which has been condensed.** (Henry.) 

The eudiometer of I>r. Hope, which is very simple arrl cmivrrtiont, 
may be foui^d in 4 Nicholson's Jour. 210. A long graduated lube is lix- 
ed in a phial containing liquid sulphui-et of potaih. This is inTcrted m- 
to tlie air Intended to be examined, which mny thus be repeatedly forced 
through the liquor that is to absorb the oxy^.^cn. This eudiometer like 
the improvement of Mr. Pepy's, 29 Phil. Magazine, consists in the appa- 
ratus rather than the principle^ but they &ci]itate and give acemcy to 
the result. 



PAGE 276. NO. 24. 

Ciar^tme acid gtu abwrbable hy watet*. This gas in tiie temperature of 

41 Falirenheit, unites to its own balk of writer. Absorption is grc.atly 
promotrd hv ag'itation and bypressurc. Dr. Henry has determined that 
water lakes up its own bulk of compressed or oi uncompressed carbonic 
acid gas ; and therefore that the quantity which water may be made to 
imbibe, is directly as tho pressure. In tlic common maclunes for mak- 
mv^ seltzer water, the ^as is strongly forced into the Wuter by beings 
pumped out of the rcscn oil- where it is collected and forced into the 
water in a very strong copper vessel closed by a valve, by means of acoa* 
densing pump. INIr. Cloud of the Mint, has ascertained, thai if a com- 
mon kcir or barrel be made perfectly air tight, strong-ly boimd with 
wooden or iroJi hoops, having a shelf about two tliiids of its height from 
the bottom, and filled nearly up totlie shelf with water, this water may^ 
be vei")' highly ch.'^r^ed ^"It't carbonic acid gas by means of diluted vi- 
triolic acid rtTjd cli .lk. in sufficient quantity placed on the shelf m proper 
vessels. The head must fit very tiglii and be very strongly secured. 
Otherwise it wiU be forced off. The gas is extricated very £tst and being 
accumulated giyes the necessary pvessuie by its own elasticity. 



, PAGE 302. NO. 25. 

Sulphrtretted hydrogen gas / otlier properties of it. It tarnishes me* ■ 
tals : it reddens litm-is paper: it destroys vegetable colours : it is p-aj 
dually decomposed in a close bottle : it is transported wiili great diffi- 
culty : it is decomposed by means of the electric spark repeatedly pass- 
ed wrough it : and by ignited chcrcoal. Davy conjectures it contains 
a small quantity of oxygen : potassium bums brilliantly in it. This gas 
impregnates very strongly indeed the water of a spring about 10 miles 
from Geneva in the Gennesse country. It abounds in the medicinal 
spring in York county, and in the spring of the same kind about five 
miles from Carlisle in fernisylTania. 

VOL. I. 
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PAGE 324. NO. 96. 

Cafpovi o.Tud of ?n'f-"o^en, or nitrous oxiid. This g'as is procured from 
nitrate of aninioniu, wluch ouplit to be iTiude by tlio operator: most of 
that p.uicluuked in the bhops coiita'ms a small quantity of sal ammoniac^ 
whicn as I know by experience, occasions a bubbling, a frothing, and 
u boiling- over that not only injures the quality of th<- gas, but endan- 
gers the retort, ;uid occasions a loss in quantity. Theae circuiDiAtances 
ure well noted by Mr. Sadler, 15 NicholsonV Jour. 286. 

The nitric acid should be carefidly purified by nitrate of silTer. It 
should tlien be saturated witli carbonate of ammonia, and gently evapo- 
rated to crystallize. A moderate heat of a lamp fi-om 400 to 450 Fah- 
renheit, suiiices to decompose the salt, The gas should stand for an hour 
over water before it be used for respiration. I have taken six quarts 
without any effect, and in about two hours six quarts more, with the 
usu:il confused ideotish but exliilarating effect described by Mr. Davy. 

This gas may be made, not so conveniently indeed orso jpure, 1st, by 
esqposinr nitrous gas for a lew days to iron nlings : the filing abstract 
|rart of the oxygen, and leave nitrous ox^d. 3dly, Br disstdving zinc or 
tto ii) nitric apid diluted with six times its weight of water. 



PAGE 328. Na27. 

MsorpiiM of nitmu oryd by water. The water should be previously 
boiled : it shoold be cooled without access of air : it absorbs half its 
bulk at common temperature : this funiishes a test of the air, for the 
nitrous oxyd i» absorbed* and the contammation left unabsori^ed : for 
this pui^ose the water should be about three times the auantity of the 
gas : when heated* the water gives out the sas unchanged : the impreg* 
nated water, does not cliangc blue vegetable colours : it has « sweet 
taste : a iaiut but pleasant odour* 



PAGE 335. NO. 38. 

Ga*eou9 osyd of niirojen, or nitrous oxyd, is not diminished by either 
oxygen or nitrous gas : a mixture of equal parts of hydrogen and mtrous 
oxyd detonates, nitrogen only remains : when the hydrogen is in less 
proportion tlian 59 to 40, nitric acid is also gt;nerated : nitrons oxyd also 
foims a combustible mixture with amn.omacal gas, of wluch 100 mea« 
sures require far saturation ISO measures of nitrous oxyd : this gas is 
notabaorbed b;^ alkalies unless in a nascent state : animals di^ in it: it 
consists accQrdiQg to Oay^ of 36*7 oxygen and 63,3 nitrogen. 



PAGE 364. 

Chlorine or oi^j-jnuriatic acid gas. 
Ifcheele m ^374. Put into a retort. 



NO. 29. 

This substance was discovered by 
three parts by weight qI common 
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salt, well itiiaed with one part by weight of numg-anese in fine powdei*|f 
and two parts of oil of* vitriol diluted with an equal bulk of water. It Is 
best made in a tubulated retort l"he first air that passes over, is the 
air of the retort, and some carbonic acid gas with wliich the manganese 
is usually contaminated. Instead of manganese, the Ted oxyd of mer^ 
CUT); called red prLci])ltatf may be used— or the brovm oxyd, called pre- 
cipitate per He — or common red lead (minium) or the puce-coloured 
(flea coiowed, brown) oxyd of lead w hich is the per ox) d. These being 
substances containing much ox)'gen. 

Also, common mtiriatic acid, or spirits of salt, may be substituted £}r 
the vitriolic (sulphuric) acid and water, 

Thi^i gas being of a greenijiiiyeiiow colour is called by Davy, chLurine. 

It appears then, that whenever substances containing much oxygen^ 
are exposed to the action of muriatic acid either ready formed and mix- 
ed with water, or in its nascent state, as when the subslaTici^s are put to- 
gether which are usually employed to form it, viz. saiphunc acid and 
common salt, the gas called ax^mutiatic acid jas by one set of chemists* 
and chloiinegaa by Davy and his followers, is produced. 

Bei*thoUct and all the chemists until the recent experiments of Gay 
Lussac and Thenard, and Davy, have conceived tliat this was a com- 
pound gas, formed by the union of muriatic acid to oxygen : 1st, because 
It b never produced except when muriatic acid is treated with substan« 
ces containing- ox\ gen. 2dly, because the oxygenated substances be- 
come deoxygcnaied by the process. Sdly, because this gas has ail tlie 
properties mat might be expected from a union of oxygen and muriatic 
acid gas : it destroys vegetable colours : it is converted into muriatic 
acid wlieu mixed witli hydrogen or with carburetted hydroi^en, and ex- 
posed to solar light: it converts the carbonic oxyd into carbonic acidi 
nitrous gas b condensed by it in the same manner as by oxyg en gas : it 
converts sulphurous acid gas into sulphuric acid : phosphorus bums - 
brilliantly in it : so does the powdered charcoal of beech wood : so do 
the . metals reduced to powder, or beaten into verv thm leaves : when 
ftteafflB of thn ns are passed tlurough flowers of sulphur, an oxyd of sul* 
phur aiixed with mumtic acid is formed : thu gas forms detonating com- 
pounds with alkalies : and in all these cases of seeming deoxygenationj 
the acid is changed from oxygenated muriatic, into ccmmioa muriatic 
gas. 

These experiments, which the presence of oxygen in this gas, so very 
easily explains, would scctn to amount to full proof that oxymuriatic gtis, 
is a compound of muriatic acid and oxy^pen: but the two following ex« 
periments go still nearer to demonstrate it. 

Saturate water widi oxymuriatic gas, fill a bottle with it: let a bent 
tube communicate ^vith the inside of the bottle and a common pneumatic 
apparatus : tlie bottle should be transparent. Expose it to sun-shine i 
the liquor will gradually lose its coloui*, bubbfes will separate which be- 
ing collected wul be found to be oxygen gas, and the liquor in the bottle 
will be common muriatic acid and water. Berthollet who made thb ex* 
periu\eMt C(miputc'd the oxygen of oxymuriatic acid to be 11 per cent. 
Chovciiix makes it nearly double that ; Gay Lussac states it at half tlie 
▼olunicofthe oxymuriatic gas: but the quantity is not now m ques- , 
t^ion ; for it b denied that oxygen can be separated from oxymuriatic 
acid. 

When oxymuriatic gas is passed tlu oug^ii pure or caustic potash (pot- 
ash deprived of its eaibonic acid by means of quick lime« and filtered) 

two salts are foi-med, the one, common muriate of potash, the other tlie 
hypt r-o\ymuriatc of potash ; for this last contains the whole oxygen 
whicii liic gas contained. This salt, the hypcr-oxymuriale of potash, 
when exposed to heat in a glass retert, yields 72 cubic inches of pure 
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f)xygen gas from 100 gnuns, snd about time eid^ iBchM of nitrogen. 
Kow, where does tliis oxygen gM come from, if tiMoaqanuriate or eblo- 

rine gas contained none 

Sir Hunipbrcy Davy Ijou cver, in his late elements of chemical {^ilo- 
sopli y, has taken for granted ; assutned it as a point eBtabfiabed^ that 
there arc in nature two supporters of combustion, to wit, OMygcm and 
chlorine : that chlorine, is a substance sui peneris, simple, uncompound- 
ed, and containing no oxygen whatever : that tlte term oxymuriate, is 
founded on a fiilie theory of its compoftiUon, and therefore is to be re- 
jected 

Scheele had snspcctcrl oxymuriate to be a simple substance, and 
Gay Lussac and Thenard had also published several experiments, that 
seemed to show that oxymuriatic gas might be considered as a simple 
iiubstance forming common muriatic acid when ututed to hydvogeq^mit 

they tlid not renounce the common opiii'mw. 

The conjecture of Gay Lussac and Tiienard was pursued by Davy, 
with his usual industry and ingenuity. The principal reasons assigned 
for the opinion he adopts> are in substance as fbUows : 

Ist. Oxycrcn has a veiy stronp^ affinity to carbon: but when oxymnri a- 
tic acid g:us is passed over red hot charcoal, althoug-h common muria- 
tic fcas is given out at first, in consequence of the liydrogen contained, 
in the charcoal, yet the oxymuriate soon passes without alteration. 

2(1. When tin is combined with oxymuriatic acid, \vhrrcin it is snp« 
posed that the- oxyg-cn gwsto oxydiitc the tin, and the cfjirmoii muria- 
tic acid ciihsulves it, he couid not procure this oxyd of tin by satuiating 
the acid with ammonia : a ternary compound was formed. 

3d. When pliospliorus is treated x\ itli oxymuriatic acid, a compound 
is formed, similar to that which is made by distilling phosphorus with 
coiTosive sublimate ; but tlicrc is ao decided abstraction of oxygen. 
When water is added to tbu mixture, phosphoric acid and munatio 
acid are formed, the ox} gc n of the water making phosphoric acid, and 
the hy(h*ogen of the water ujiiting^to the chlorine and forming commoit 
muriatic acid. ' 

4th, When this combination of phosphorus tanA elilorine wss nso-. 
tralited by ammonia, the product was not phosphoric acid Mid saJ- 
ammoniacy but a ternary compound, undecoraposable. The same was 
the case, with the sulphureitcd muriiitic acid formed by Dr. Thomp- 
son by passmg oxymuriatie acid through flour of sulphur. 

Lastly, common muriaUc acid, is m all cases formed by the union of 
hydrog-en with chlorine in etjuul volumes, and witliout any deposition 
of water. This union tiikes place, whenever hydrogen and cldorine ar& 
f hnp ly mixed together, and left e xpused to the common light Hence« 
Davy considers culotine as a simple substance, combining as such witk 
phosphorus, sulplmr, the fixed alkalies, eiu-thf?, and metals, .nnd with 
ail inflanunablc bodies, enabling with them, combustion to take place. 
Ue considers the common muriatic acid as formed of chlorine as sto 
acidifying principle and hydro^n as its base : and when hydrogen is not 
present, mthe form of a g.is, the common muriatic acid can be pn^rnr- 
ed from chlorine by tlie decomposition of water furnishing hydro j^eu. 
He denies that there is any proof of the existence of oxygen in oxymuria* 
tie gas» or of water in tlie common muriatic acid gas, explaining all 
tlie apparent pinductions of oxytrm from chlorine, by the decomposi- 
tion ol water, which hi reality furnishes the oxygen, while its hydrogsft 
uniting with chlorine forms common muriatic acid. 

The supporters of the'old theory on the contrary, account for the pro- 
duction of mui ialic g-as when h} drogen is mixed with elilorine, in t}\:K 
Wj^. Thei^drogen unites with the oxygen and forms water» which is 
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tr^ken up as a necessary component part of, and {»oc8 to finm the OOOV 
moa muriatic acid sum, which is never found without it 

At this stage of the controversy, it is brought to a simple point where- 
in Sir Hmnphrey Davy on the one side, and Bfr. Murray on the other, 
arc at issue. If it be true as the former says, that common muriatic 
g-as contains no water in its composition, and if, as appears to be ttie 
fact, no water ii* deposited or precipitated when hydrogen combines 
with f^yimiratie acid gas, then is there no proof that ozymuriatic gas 
contains oxygen, and the disappearance of the hydrogen, and the pro- 
duction of common mnrintic ncid gas arc ineispUcabley uoless upon the 
hypotiiesis of Sir Humphrey Davy. 

On the o(Mitrary, if muriatic acid gas, do hold water as a eoiuthuent 
in its state of g^, then the disappearance of the hydrogen, the abstrac- 
tion of the oxygen from oxymuriatic gas, the disappearance of the 
water so iurmed, and the appearance of common muriatic gas 
as the consequence of this union of the oxygen and hydrogen into 
water, is all plain, simple, and intelligible on the theory commonly re^ 
reived ; and Sir Humphrey Davy's explanations must fall to the ground, 
li'he whole controversy is now reduced to a beautiful case of chemicat 
special pleading: tiie parties are at issue on a onglefiict; ofwhidillie 
ami* probandi rests on Mr. Muiray and the defenders of the old doe- 
trine ; for Sir Humphrey Davy is not boun<l to prove the negative, 

Accordingly Mr. Muiraj^ proceeds to sLuw that common muriatic gas, 
<ioet hold water : but previovs to so doing, he attempts to show, 
from known chemical analogies, there is no reason to expect that chap- 
coal should take the oxygen from oxymuriatic acid. 

When oxymuriatic acid is decomposed by hydrogen, the oxygen goes 
to foriB water, and the water ibrmed, is taken up by the muriatic acid 
gas. "When oxymuriatic acid is decomposed by metals, die oxygen 
unites with the metal, which tlien becomes soluble in thcmurintir acu! 
which remains. Hut when oxymuriatic gas is passed over red hot char- 
eoid, the tinkmof oxygen and carbon forms no water, without which the 
muriatic acid cannot exist : nor can the oxyd of carbon, or the carbonic 
acid aid the divellantaffinitiL)*, for tliey have little or no affinity with mu- 
riatic acid. Hence, the muriatic acid cannot appear, the oxygenated 
.muriatic acid tliereibre cannot be decomposed by charcoal. But when 
hydn^en instead of caibon is presented to oxygen, the water Ibnped, 
imites mstantJy to the remaining product and fecma conimoii muriatii: 



Still however this explanation proceeds on the supposition that com- 
mon muriatic gas, doe* hold water in solution, and as a constituent. 

MuiT:tv then goes on to detail some experhnents of Cay Lussac, and 
some ot ills own, to show that this last mentioned gaa is such as he 

Slates it to be. 

1. It is agreeable to the analogy of all the other acids : the sulfrirario, 

the nitric, the phosphoric, the nm)ric acids contain water, of whidi 
tliey cannot entirely be deprived ; and why should not the muriatic ? 

2. When mui*iatic acid gas unites to metallic oxyds, water appears'^ 
when sulphuric, nitric, phosphoric, fluoric acids unite to metallic 

OX} ds water is separated. In the latter cases, this appearance admitted 
as proof tint wuter was combined with the acids ; why not in tlic former i 

3. ijiay JLussuc and 'I'iienai'd have proved, that muriatic acid gas 
, always contains 0.35 of its weight of water. By decomposing oxymu- 

riatic gas by ummoniacal gas, they found reason to conclude that 
oxymuriatic gas contains half lis bulk of hydrogen ; and of course ac- 
cording to tlie known proportions inwiuch oxvj^en and hydrogen com- 
bine to form water (ns. two in bulk of hydrogen to one of oxygen) they 
concluded that it must unite precbely with its volume of hydnigen. 
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U doei m i tkereibro wauMc acid don contun 0.35 of- its weig-ht wt 

va»cr, or witli more precisinn acccirding' to their exprriinent 0.245. 

4. rhey endcavoui-etl lo abstiact the oxygen of the oxynrnriatic acid 
g-as, and procui-c the muriatic gas fvet from water : they pitmied the 
au thods ftlreftdy noted with tlieKulphiiTets, phoffplunus and charcoal, 
buttliey C(»u!H not by these mcanj> decomj?f;>f the oxymurlaticftckijaixi 
they could not procui"e the muriatic acid tW e trom water. 

o. They could not decompose the oxyii.ui iatic gaj», wlien dr^, by dry 
sulphurouu acid g-as, by carbonic o%yd, by nitrolu or by nitnc oxyd; 
buttlicy easily decomposed it when moisture was admitted. 

It is trtu' in these experiments they took for g^runted the common 
tlieory that oxygen is a con: poiicut pari ot" oxymuriutic ucid : btiii die 
&ct riemains that they could obtam no muriatic acid witbout watiet, 
and they Could always obtain it when moisture was present. 

To free these experiments trom ambiguhy^ Murray made the follow* 
in^ ejL'J>eriittentitm cmcit. 

<* Water is produced, when muriatie acid gat combines with a me- 
tallic o\yd : Mr. Davy says it is formed by tlie oxyj^n of tlie oxyd 
combining- with the h^diopfcn of the acid.' If however tlicvc i*? : ny 
case of a sui>sLancc which docs uoL contain oxygen, combining- vv iUi uie 
acid, thia supposition iff necessarily precludeaj and if water is pro- 
duced in such a corabiimtion, it must be infeired tu I c derived from 
the acid. Annnonia is a sub.stance of this kind ; and to decide 'on t!ie 
try til uf Uiesr two sj atemti, it is only necv^ssary to ascertain the tact, 
whether water is contained in the salt wbidi it formt with muriatic 
aci<l gas. 

'* I combined over dry mercury, dr\' nmmoniacal g^as with muriatic 
acid gas, and having collected tl»e salt formed, I exposed it to beat iu 
a retort, and found water to be expelled and condensed in the neck of 
the reUnt. This proved therefoix-, its existence in the salt ; and from 

the volatility of muriate of ammonia, it was not possible to raise the 
h&at so lugti as to expel ail the water it mig;ht contain. I therefore sub- 
limed the residual salt thront^h ignited charcoal, and found that an ad- 
ditional ]>()i-iion of water was separated. The whole quantity I found 
from die deiails of the experiment, amounted to about onc-6th nearly of 
tlie weight of Uic acid, and there can be no certainty, that all the water 
is even m the second stage of the expei-iuient expelled irom the salt. 
( X ic holson*s Jour. voL xxzi^ p. 136.) 

" Tlie evistcnre of water hi muriatic acid pas is thus established; 
tlie water which is obtained hi other coM.Ijiiiations of dic :»c)d with 
salifiable buses, must be equally coiiaidei wd, as that which has ejciafed 
hi union with the add; and the hypothesis of its JI$rnMH»n cannot be 
maintained. 

** Mr. Davy has .•^ttppos; d ho\vc \ er, tliat the water which, from a repe- 
tition of the experiu cut, he admits is produced, is derived ti-om the 
atmosphere, the salt imbibing* it, in tlie diort time during which it ia 
exposed to die air in cinivfying" it from die vessel wherein itis formed, 
to the retort in which itis exposed to lieat, and expenments have been 
slai4,d on his auLiiority, iu which when the salt was heated without ex- 
posure to fcir, no water was obtahied (xxxix PhiL Ma|^. xxxi Nicb. 
.lour.) This supposition is altojii^ther inadmissible, for muriate of am- 
monia, is i*ot a dcrupicsn nt suit, but remains pci*fectlv drv wht u ex- 
posed to air in a common state of djyness : and there is not an cxumpic 



* Iltncc die ncutial formed will be an ox) muriate : for when hydro- 
*gcnis abstracted from couiiuon muriatic. acid> accoxdkiii' to Da^y, ojiy- 
mui'i%tic acid is pixnluced. 
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in chemistry of a substance soluble in water imbiljinp: it \\\\h any cele- 
rity from the atmosphere^ wiUiout continuing to atiracl it until it is 
dissolved : Hht very force of attraction which gave rise to the first ef' 
feet, causing- a continuance of it, until that equiUbrium is attained 
which produces solution. 

•* It is accordingly proved by subsequent researches tliat tliis sup- 
posed source of fallacy has no existence. Dr. Bostock and Dr. Trail 
have performed the experiment in such a manner as to exclude the 
ag-ency of the atmosphere. The ammoniacal ''•as, and the muriatic acid 
gas were separately carefully dried, and wei*e combined in a flask fur- 
nished with a bent tube. After the combination was completed, the 
tvil)e was adapted to the flask, and tlie latter was turned over, so that 
the extremity of the former was kepi below the surface of the quick- 
silver. The flask was imbedded in a charcoal furnace, and gradually 
heated so as to sublime the udt When it was about half sublimed, a 
dew was observed to form at the Upper part of the curvature of the 
tube, whicli increased so, that at one period it occupied a zone around 
the tube of about an inci) in width, and »ome globules of water were 
formed ; and when this was drivai forward br increasing the heat, a 
deposition of moisture was observed at tbe end of the tube. (Supple- 
ment to xxxi Nich. Journ.) An experiment resting upon authority so 
unexceptionable, and evidently conducted with every precaution to en* 
sore accuracy, most be regai-ded as conclusive. I nave also found by 
an experimental investigation, of which the details will be speedily pub- 
lished, that water is obtained as Dr. liostock and Trail found, when tlie 
salt formed by the composition of muriatic acid and ammonia is sub- 
mitted to heat without exposure to air— tJiat the quantity produced is 
apparently us considerable as when it has been previously exposed—- 
that this s.dt docs not absorb hun}idity from tlie atmosphei*e, so as to 
afford the water which it yiields when submitted to heat— and that even 
when the water expeOed from it is submitted to its action, it does not 
again absorb it, so as to afford tliereby any explanation of the result of 
tlie experiment. I cannot tlierefore but regard this result, as snflRci- 
entiy established, and it has been admitted, that if it be established, it 
is conclusive on Ihe subject of this controversy. See supplement to the 
second edition ofMurray's Chemistry, p. 108.'* 

To this iq>parently decisive e^eriment, 1 have heard as yet of no 
reply. 

The proportion of oxygen in oxymuriatic acid, is stated 
By Bertliollet at 11 percent. 
By Chevcnix 16. 
By Gay Lussac 22.92. 
By Daiton 24. 

The proportion therefore cannot yet be oonsidered as ascertained! 

Might it not be arrived at, by ascertaining- tlie quantity of Iiypcroxy- 
muriate of potash formed from a giy^ proportion of gas, and the quanti- 
ty of oxygen yielded by the suit ? 
Since one measure of oxymuriatic gas consumes exactly one measure 

of hydrog-cn gas— riiid one n.easurc of oxygen gas consumes two measures 
of bvdrog-en ^us, it follows t\vxt oTymuriatic g;is must contain half jt< 
volume ol" oxygen gas : and Irom liie same result il follows, that muri - 
litic acid gas must contam 0.35 of combined water. (Murray.) 
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ceMazy to enter into the diemiefel notkm of combustion. Whether th«i 

heat separated wlun oXA-gT'n unites wit!i a conilmsiiblt body, be ^ittend- 
ed witii heat manifest to our senses from the suddenness and Vioknceof 
the union, or whether it be so graduiiUy evolTed a« not to «ffi»t otu* 
■eases, is of nb consequence to the theory* ThatetmdittCMiiis the term 
properly applic ilifr to the union of oTA-^-cn and an inflymmable body, 
appears to nic a£> well settled as tuiy pArt whatever of chemical iaii|page 
or chcaiical theory. 

Accum takes mt granted ^tat ealorie and ligiitare always emitted 
during' combustion, fmd that tire oxyg-en gires n\it tlie caloric, and the 
Comb\istible the light (389.) It uiay be true that the light b a compo- 
nent part of the infiammabie body ; and some of the reasons assigned by 
Accum render it probable t but there is as yet no satisftctoiy proof of it. 

As to the caloric evolved, it is iisuully ascribed to the oiyg^cn whose 
caloric is separated when this gas com!)ines witli a combustible and be- 
comes fixed. My own notion is, tiiat it is to be ai>ciibed in a hvcfold 
proportion to the coodbuttible itself. Here Is the proof. The specific 
neat of water being 1. that of common air is 179, of carbonic acid 1.05, of 
nitrogen .79, of oxyi^cn 475, of hvdrogen 214. Of course tlie propor- 
tions of heat evolved is tairiy ascribablc to tliat substance which when 
condensed into a soHd can ramidi Hie moat. 

Facta seem at present to point out the following conclusions. Ist. 
There is but one body in nature capable of being" bnmt, hydro^n; the 
phlogiston of the older chemists. 2d. There is but one body m nature 
capableof supporting and maintMnin^eenibuation, oxygen. Sd. When 
the union between these two is sudden and violent l>eat and flame are pro- 
duced, obvious to the senses • when slow and gradual, the heat and li^t 
erol^Mi are not obvious to the i»enscs which are very limited, imperfect 
and inaccurate testa. 4tfi.'When oxygen and hydrogen uniting together 
80 as to pitKluce c<mibustion, become solid frotii a gaseous state, the 
heat or caloric unnecessary' to the mw compound, is given out, and be- 
comes tlie heat of combustion, ot which it is presumable that the hy* 
drogen famishes tlie greater part, its latent beat as well as its specific 
heat being so mucii greater, for it ia by far the lightest of the gases. 
5th. As the colour of the flame during comltistion depends on the com- 
bustible-^ all vegetable colour seems greatly dependant upon solar 
light-^it is reasonable to expect that the light evolved during com- 
bustion, must proceed from one or other of the two bodies which unite 
durint^ coml)iistion, there is room for conjecture that lipl t is miitcd to 
combustible bodies in a solid sUite ; but whetlier to the hydiog-cn, or 
concomitantly with it, we have no facts to determine. 6th. Thattaunai 
heat is not excluuvely owing- to the absorption of oxygen into the blood* 
but that as heat is either ev()lvrd or :ib M r!icd in every possible case of 
chemical union, evolution and absorption of heat is perpctnallv ^'^ing- 
forward in eveiy part of the body, pailibulai-ly in tlie digesiti^ c and ijian- 
dular or secreting part of our system. 

If this account be true, it w ill lead us to conclude that oxygen and 
hydi'ogen will unite in other proportions beside that which ftms water. 

T. C. 

THE END. 
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